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AUTHOR'S NOTE:
The follow ing Professional Paper is submitted in 
order to f u l f i l l  requirements fo r a Master of 
Science degree in Environmental Studies. This 
document w ill also serve to f u l f i l l  a Renewable 
A ltern ative  Energy Resources Grant from the 
Montana Department o f Natural Resources. P rior  
to general public d is trib u tio n  o f th is  solar 
handbook an addition w ill be made. An economic 
and performance analysis which is being prepared 
with a consultant en lis ted  by the D.N.R. w ill  be 
incorporated into Appendix A.
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In the evening, i f  there is  no ice on the road, you can ususally find  
Dr. Richard Sheridan peddling up Pattee Canyon a fte r  a day a t the 
University of Montana. H e 'll turn onto a gravel road which heads up the 
north facing slope of the canyon. At the steepest point o f his drive­
way he can look up into a meadow which contains several rows of rectan­
gular wooden boxes. The solar collectors he sees were b u ilt  to provide 
hot water and space heat fo r the Sheridan home.
Dr. Sheridan is a Botany professor who specializes in the e ffec ts  of a ir  
pollu tion on plants. I met Dr. Sheridan when I was a graduate student 
in the environmental studies program a t the University of Montana and 
we became in trigued with the idea of d ire c tly  using energy from the sun. 
Our in te res t was spurred by concerns about the environmental damage 
caused by the burning o f coal to produce e le c tr ic ity . We both believe  
that the impact o f coal development on the a ir ,  land, and water of 
Montana is  unacceptable when renewable sources are availab le  to provide 
much of our needed energy.
We experimented with many types of solar collectors which can be made 
in a home shop. The purpose of th is  guide is to share what we have 
learned in ac tua lly  designing and constructing a solar co llecto r system 
fo r Dr. Sheridan's home.
There are many books which describe in general terms the design and con­
struction of a solar heating system, but these avoid the "nuts and bolts" 
d e ta ils . This solar heating guide emphasizes these "nuts and bo lts ."  
Because much valuable information is contained in other publications, 
several other sources w ill be suggested in the appendix.
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We don't claim our system is the best but we do know that i t  works.
When i t  comes to actua lly  building something, pictures and drawings are 
often worth more than words. We hope that the illu s tra tio n s  in th is  
guide w ill encourage and assist you in the design and construction of a 
solar heating system fo r your own home.
From the outset we followed certa in  prin c ip les . Often the principles  
came into c o n flic t and d i f f ic u l t  tradeoffs were necessary. The p rin ­
c iples we tr ie d  to follow  were:
-  The design had to be simple enough for a non-technical 
person to build in h is/her home.
- The design was to be as conservative with construction 
m aterials as possible.
- The cost o f the system should be kept to a minimum.
-  The system had to be re lia b le  and easy to maintain.
Although other factors entered into the design, the la s t three of these 
lis te d  have to be met i f  solar heating is to become a real a lte rn a tiv e  
to centralized large-scale power plants. Others may choose to make 
d iffe re n t tradeoffs. For instance, you may choose to use a less expen­
sive paint fo r the co llecto r frame. This is fin e  as long as you re a l­
ize  that in order to maintain the condition of the wood, y o u 'll need 
to repaint more often. You may save money in i t ia l l y  but i t  may cost 
you more in the long-run. Keep the tradeoffs in mind.
Although th is  guide can serve as a construction manual with plans and 
specifica tion s, we also have included information we fee l is  important 
during the planning stages. The appendix expands on a number o f design 
considerations.
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How does solar heating work? We've a l l  experienced solar energy.
Solar heating is  as common as the hot in te r io r  of a car parked fo r  
hours in the sun or a cat curled up on a sunny windowsill on a cool 
autumn afternoon. People tend to take the sun fo r  granted even though 
the sun's energy is a d a ily  presence in our liv e s . The sun's rays 
travel n inety-three m illio n  miles to f a l l  upon the earth. This e le c tro ­
magnetic rad iation  - what we commonly re fe r to as lig h t - provides the 
life -s u s ta in in g  energy v ita l to everything on earth.
The energy we receive from the sun, in the form o f v is ib le  lights  
occupies the part o f the spectrum between short wavelength u ltra v io le t  
and long wavelength in fra -red  (heat). Since glass is essen tia lly  
transparent to the wavelengths of v is ib le  lig h t the energy passes 
through to heat a ir  and objects behind the glass. This heat w ill  then 
tend to be reradiated a t longer wavelengths (in fra red ) to the cooler 
environment.
Glass (and some p lastics) are essen tia lly  opaque to long wave rad iation  
and thus the sun's energy is  trapped. This "greenhouse" e ffe c t is what 
causes heat to be collected behind glass whether i t  be in your car or 
elsewhere. Solar collectors are designed to take advantage o f th is  
"greenhouse" e ffe c t to heat a ir  or water.
In order to discuss how much energy can be collected or required fo r a 
specific  purpose a standard measure of energy has been developed. A 
commonly used un it is the B ritish  Thermal Unit (BTU). A BTU is the 
amount o f energy (in  the form o f heat) required to raise one pound o f 
water one degree Farenheit (°F ). Heat from the sun or from burning 
coal, o il or gas can be measured in BTU's. Other units of measuring 
energy along with conversion factors are given in Section "F" o f the 
appendix.
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In order to use the heat collected from the sun in a home i t  is neces 
sary to store the heat and then d is trib u te  i t  when and where i t  is 
needed.
The simplest solar co llector is a south facing window. The sun heats 
the a ir  behind the window and the objects in the room. However, i t  is  
extremely d i f f ic u l t  to store or control th is energy. This simple solar 
heating system is termed "passive" because i t  requires no additional 
input o f energy ( i . e .  pumps, fans, e tc .) .  There are many exciting  
passive solar energy techniques which can be used in new construction, 
but such systems are more d i f f ic u lt  to incorporate in existing buildings
The solar heating system described in th is  guide is termed an "active" 
system because i t  requires energy to run pumps and a fan. The sun's 
energy is collected in glass covered boxes each o f which contains a 
black metal p late  that absorbs the energy. A w ater/antifreeze f lu id  is  
circulated through copper pipe configurations attached to the p la te 's  
surface and then pumped to a water tank which is heated. From the 
storage tank heat is transferred to e ith e r domestic hot water or room 
a ir .  Figure 2-1 depicts the parts o f a solar water heater and Figure- 
2-2 a space heater.
These diagrams show only the basic systems. But before going into the 
collector area required, the volume of storage needed, and the construc­
tion deta ils , i t  w ill  prove useful to discuss seasonal insolation (sun­
shine) in Western Montana and the importance of reducing eneray require­
ments.
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The Energy Available
Western Montana is without a doubt one of the most beautiful areas in 
the country, but i t  does not have the sunniest clim ate. In January, 
Denver receives over twice as much sunshine as Western Montana. Even 
Minneapolis is sunnier than Missoula, Helena, or Kalispell in January.
The valleys of Western Montana often trap low clouds and a ir  po llu tion . 
But despite w inter cloud cover solar energy is feasib le in Western 
Montana. Heat is s t i l l  required in our homes during the spring and 
f a l l  months and we receive as much sunshine as Minneapolis and more 
than 80% of what Denver receives during those periods.
Even when there are no clouds in the sky> not a ll  o f the sun's radiation  
is reaching the surface of the earth . That's not a l l  bad since l i f e  
would not be possible without the shielding e ffec t o f the atmosphere.
At the outer lim its  of the earth 's  atmosphere about 430 BTU per ft^  
are availab le . But by the time the sun's rays pass through dust, 
moisture, and clouds only about 330 BTU per f t 2 are availab le  a t the 
earth 's  surface. The greater the distance the sun's rays must travel 
through the atmosphere to reach the surface, the less the energy is  
availab le . This explains why the sun's heat in the summer is so much 
greater than in the w inter.
The Sun's Position
The distance of the earth from the sun varies s lig h tly  due to the e a rth ’s 
e ll ip t ic a l  o rb it. But the major s h ifts  in seasonal temperatures results  
from the t i l t e d  axis upon which the earth rotates. During the summer 
(position B in Fig. 3-1) the sun's rays pass through the least atmosphere 
to reach Western Montana and the sun appears to be almost overhead.
In the w inter, position D in Fig. 3 -1 , the t i l t  o f the earth means the 
sun's rays must travel trhough more atmosphere to reach us and the sun 
appears lower in the sky.
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The axis of the earth is t i l t e d  23.5°. This means that to the person 
in Western Montana the sun w ill be 47° higher in the sky at noon on 
dune 22 than on December 22. The actual height* given in degrees, 
above the imaginary level plain of the earth 's  surface is called the 
a lt itu d e . Figure 3-2 shows the sun's position in the sky above the 
horizon a t noon during the four seasons.
The sun also moves daily  from the east to the west. The location of 
the sun in the sky from east to west is given re la tiv e  to due south. 
This position of the sun from due south is also given in degrees and 
referred to as the azimuth (see Figure 3 -3 ).
take an example. On April 21 a t 10:00 
and azimuth 46°. This 
sun w ill be 46° east of
Let s
given by a ltitu d e  47 
morning that day the 
horizon. The tables 
around.
A.M. the sun's position is 
means that a t 10:00 in the 
due south and 47° above the
in Figure 3-4 provide the solar position year
Local Weather
Weather patterns throughout the changing seasons play an important ro le  
in the amount o f energy availab le  from the sun. Obviously i f  the sun is 
obscured by a cloud availab le solar energy w ill be reduced.
Most of the energy from the sun can be seen as lig h t. The atmosphere 
absorbs, rerad iates , and scatters much of th is  lig h t. The lig h t which 
f in a l ly  reaches the earth 's surface is in two forms, (1) the d irec t beam 
image of the sun, and (2) the scattered lig h t which has been diffused  
by the atmosphere. On a cloudy day no d irec t lig h t energy is  ava ilab le . 
Although diffuse solar energy can be collected, i t  can account fo r only 
a fraction  o f the heat availab le  from d irec t sunlight. On a cloudy day 
solar energy is ava ilab le , but only in a re la t iv e ly  small amount.
Figure 3-5 describes the amount o f sunshine which is received by three 
c it ie s . The numbers represent the percentage of possible sunshine re­
ceived over a given month. For example, in October, Helena has 60 per­
cent sunshine and is cloudy about 40 percent of the time.
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One more important facto r which must be considered when analyzing the 
effectiveness of a solar heatinq system is the outside a ir  temperature. 
The colder the outside a i r ,  the greater w ill be the heat loss from both 
the co llecto r and from the building i t s e l f .  For th is  reason i t  is 
imperative to reduce heat loss from both the co llecto r and the b u ild ­
ing. Methods fo r accomplishing th is  w ill  be covered in more deta il 
la te r  in the guide.
Solar Obstructions
Short sighted government o f f ic ia ls  and u t i l i t y  monopolies are not the 
only obstructions to solar applications. Trees, houses, fences, and 
signs a l l  can come between the sun and your co llecto r. I t  is important 
to e ith e r calculate or, better y e t, actually  measure the shadows cast 
by objects in the v ic in ity  of the co llecto r s ite  on a weekly basis 
throughout the year. Recording your findings on a simple s ite  map w ill 
prove valuable since summer sunshine may be replaced by shade in the 
la te  f a l l  and w inter.
Trees are extremely e ff ic ie n t solar collectors in th e ir  own rig h t and 
they can add beauty and shelter from the wind. Don’ t  be too quick to 
use the chainsaw to do what careful planning and positioning could do. 
Also keep in mind that a small tree  today may be very larqe in a few 
years. You should plant with a long-range plan in mind.
3
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Energy Effic iency
When energy was cheap houses were b u ilt  without much thought to reducing 
heat loss. I t  is clear now that i t  is more economical to make a house 
energy e ff ic ie n t  than to continue to waste fuel or e le c tr ic ity . This is 
true no matter what energy source is  used, but i t  is  especially true with 
solar heating. A properly insulated and weatherized building w ill re­
quire less heat to maintain comfortable temperatures and w ill hold that 
heat fo r a greater length of time. Energy conservation is a s ig n ifican t 
source o f energy and should be u tiliz e d  along with solar.
There are several major heat loss areas in buildings. For each area 
specific  actions can be taken to minimize heat loss. Figure 4-1 de­
scribes these heat loss areas and explains which a lte rations  reduce 
energy waste. In the reference section o f the appendix a number of 
excellent books are lis te d  which w ill explain in d e ta il the "do's and 
don'ts" of making a building energy e f f ic ie n t .
Principles of Heat Movement
There are three basic ways heat is transferred. These three mechanisms, 
conduction, convection, and ra d ia tio n  can be observed in any home and 
must be considered in building any solar heating system.
1. Conduction is the transfer o f energy through a material by 
the d ire c t in teraction of the molecules. Energy is passed from 
one excited molecule to the next. The molecular structure of a 
m aterial determines how read ily  th is type of heat transfer can 
occur.
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An example o f conductive heat transfer is  the heating o f a pan 
placed on the heating element o f an e le c tr ic  range. Heat from 
the element moves d ire c tly  into the pan and the temperature o f  
the pan increases.
2 . Convection 
the ind iv idual
is the transfer of heat by the actual movement of 
excited molecules in flu id s  and gases. The mole­
cules whieh make up the f lu id  or gas are heated as they come in  
contact with a heated surface. The f lu id  or gas is set in motion 
as the warmer molecules r is e . This allows the molecules to 
transfer th e ir  energy to another location .
This process can be f e l t  on a cool windy day. As the heat from 
a person's body warms the adjacent molecules o f a ir  the wind 
guickiy removes these warmed molecules. I f  the wind calms, i t  
does not seem as cold because the warmed a ir  molecules are not 
removed as gy jck ly .
Convection currents also occur in buildings, solar co llecto rs , 
and hot water storage tanks. As the a ir  or water is  heated i t  
becomes less dense and rises. For example, as a ir  is heated by 
the sun or the in te r io r  of a south "facing window, i t  rises.
As a ir  in the room cools, being more dense, i t  accumulates in  
the lower portion of the space. This creates a convective cur­
rent. This same basic current w ill occur w ithin the a ir  space of 
the c o lle c to r or in the hot water storage tank.
3* Radiation is  the transfer of heat by electromagnetic waves from 
an object of greater temperature to an object o f lesser tempera­
ture, The energy we receive from the sun is transferred by elec­
tromagnetic waves which can be absorbed by objects on earth .
We can experience rad ia tive  heat transfer when standing next to 
a f i r e  and absorbing its  heat or when we are uncomfortably cold 
standing near a cold window. I t  w ill be helpful to keep in mind 
these three ways heat can be transferred as we discuss energy 
conservation measures.
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Every building is d iffe re n t and each w ill  require d iffe re n t energy 
saving measures. Some are already more e ff ic ie n t  than others.
Generally, a poorly insulated and weatherized home can have its  heating 
energy needs reduced by one-half i f  a l l  heat loss areas are attacked.
As seen in Figure 4 -1 , methods to cut energy waste en ta il e ith e r m ini­
mizing a ir  in f i l t r a t io n  or increasing insu lation .
Insulation is a term which describes a number of m aterials which res is t 
the movement o f heat. This a b il i ty  to prevent heat transfer or 
"resistance" can be measured by the "R-value." The greater the R-value 
the better the insu lation . This a b il i ty  to prevent heat transfer is 
d ire c tly  proportional to the thickness of the m ateria l. I f  a material 
one inch thick has an R-value of 5 then two inches of that m aterial w ill
have an R-value of 10.
A related term is the "co effic ien t of transmission" or "U -factor," which 
is a measure o f the a b il i ty  of a m aterial to transfer heat. The U- 
facto r is mathematically the inverse of the R-value (U^l/R) and i t  w ill  
come in handy in some solar co llector design considerations.
There are many types of insulation now commonly availab le  fo r home use.
I t  is not our purpose to describe in de ta il the various characteristics  
of these d iffe re n t types, but you should be aware that some are better 
than others fo r certain  applications. Just because a m aterial is 
advertised as insulation does not mean i t 's  good. In fa c t, ju s t as
with other products, the qu ality  and safety of insulation materials
vary. Before jumping into the insulation game check out the products 
or find a reputable commercial supplier. Helpful publications are 
availab le  in bookstores and from the federal government.
Each type of insulation has unique characteristics of R-value, application  
requirements, f i r e  hazard, e ffec t of moisture, and cost. The chart in 
Fig. 4-2 l is ts  several common insulation types and th ie r  R-values.
The obvious question is "How much insulation should be in sta lled  in a 
house?" I f  you were building a new home we would suggest using 2x6 
wall construction with 6 inches of fiberglass batt insulation (R-19 ).
In the c e ilin g  we suggest 12 inches of batt insulation (R-38).
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For existing buildings the answer becomes more complex because some 
applications are not feasib le and the remaining l i f e  of the building may 
not be as long.
I f  possible the R-19 wall insulation and R-38 ce ilin g  insulation should 
be optimal goals. The key here is to develop a balanced insulation  
program. I t  doesn't make economic sense to over-improve one area and 
leave others uninsulated. See references concerning home energy 
conservation in the appendix.
Home Heating Requirements
For years engineers have been able to calculate approximate heat require­
ments fo r any given type of building. With such calculations, they can 
determine the size of furnace necessary to heat the structure. Spveral 
excellent books describe th is method of calculating heat loss. (See 
Other Homes and Garbage or The Solar Home Book. )
A typical poorly insulated home in Western Montana w ill require 30 to 
40 m illio n  BTU's per month for space and water heating during the winter 
months. The same building w ill require very l i t t l e  space heating in 
the summer, but i t  w ill s t i l l  use 1 to 4 m illio n  BTU's per month fo r  
water heating (20 gallons per person per day). These figures are not 
in d icative  of an energy e ff ic ie n t  house. Construction d e ta ils , size and 
usage patterns make large differences in to ta l heat requirements.
There is a simpler method for calculating heating requirements. A ll 
you need are your previous year's  fuel b i l ls .  Your b i l ls  w ill t e l l  you 
how much fuel or e le c tr ic ity  your home consumed and i t  is easy to con­
vert units of fuel into BTU's i f  you know how many BTU's are contained 
in each un it of a p articu lar fu e l. These conversion factors are given 
below in Figure 4-3 for the most common heating sources. See Figure 
4-5 fo r an example conversion.
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I f  wood is burned to supply your heating needs, i t  is  s t i l l  possible to 
calculate the number o f BTU's used. However, the e ffic ien cy  of the 
wood stove can make a dramatic d ifference in the actual energy a v a il­
able to  heat the house. You must also know the heat content fo r  the 
p a rtic u la r kind o f wood you are burning (Figure 4 -4 ). The heat content 
per cord times the number o f cords times percent e ffic iency  of stove, 
gives you the BTU's used to heat the structure.
I t  is  sometimes useful to know the energy required fo r e ith e r space heat 
log or fo r hot water heating alone. I f  the same energy source is  used 
fo r both, a fu rth e r estimation must be made since the b i l l  w ill  combine 
the amounts.
On the average, a fam ily of four w ill  require 40 KWH of e le c tr ic ity  per 
month for hot water heating. This converts to  about 1.5 m illio n  BTU's 
per month. I f  however, the hot water heater uses natural gas, 4 MCF 
are required. This converts to 4 m illio n  BTU's per month. The d i f fe r ­
ence in BTU's per month use between e le c tr ic ity  and gas is caused by 
the gas water heater p i lo t  lig h t which uses fuel continuously and vent 
losses associated with gas heaters. E lec tric  ig n itio n  systems fo r gas 
hot water heaters elim inate much o f th is waste.
I f  your fam ily uses considerably less hot water than the average family  
you may wish to correct the energy requirement. F irs t you would e s t i­
mate the amount o f hot water used fo r individual purposes: baths, 
washing clothes, dishes, etc. each day. I f  these amounts are added to ­
gether you' 11 have a good idea of the number o f gallon's o f hot water 
your fam ily requires each day.
We know that one BTU is required to ra ise one pound of water one degree 
Fahrenheit. One gal Ion o f water weighs 8.35 pounds. So 8.35 BTU's w ill  
raise one gallon o f water 1°F. With th is  basic information we can c a l­
culate the number o f BTU’ s required fo r heating the hot water.
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Once you have estimated the energy used fo r  heating water you subtract 
th is  from the to ta l b i l l  to a rrive  a t the energy use for space heat­
ing.
With the above guides you should be able to estimate the space and water 
heating needs o f your home. These estimates w ill be crucial when i t  
comes to sizing the solar heating system.
The Sheridan Home
In considering e ith er solar space or water heating fo r a home i t  is 
important to take into account the basic construction characteris tics  
of the structure. Specific considerations include heat loss, type 
of conventional heating systems, o rientation  of structure, and the 
s ite  layout. A ll these factors played important roles in determining 
the solar heating system designed fo r the Sheridan home.
One o f the f i r s t  considerations was the orien tation  of the roof. As in  
the case of most homes, the o rig ina l house plan fa ile d  to consider 
orientation  to the sun. The home was oriented to maximize the view to 
the north (see Figure 4 -6 ). Consequently the roof slopes face east 
and west instead of south which would be the best fo r  solar co llecto rs .
This 2400 square foot house, b u ilt  in 1972, is better insulated than 
most homes. The walls have 3-1 /2  inches o f fiberglass batt insu lation . 
The in te r io r  and exterio r cedar siding adds to the wall insu lation . The 
roof area is greater than in most homes, but 2 inches of r ig id  styrofoam 
insulation was added to reduce heat loss. Windows are double pane,al­
though a huge north window wall exacts a heavy to l l  in heat loss. Most 
windows have been f it te d  with a ttra c tiv e  insulating shutters and heat 
loss from the window wall w ill be reduced with the in s ta lla tio n  of in ­
sulating drapes.
Window frames, door frames, and wall junctions have been caulked and/or 
insulated. The house has a fu l l  basement and single car garage. The 
basement walls have been insulated. The rear of the single car garage 
now contains the solar storage tanks.
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The house is  basica lly  an open design with two bedrooms a t the rear of
the main level and one bedroom in the Toft. Doors to the bedrooms are
generally closed and these rooms are kept re la tiv e ly  cool. Most 
a c t iv it ie s  occur in the main liv in g  space, kitchen, and lo f t .  The 
house has a large picturesque fire p la c e  which seldom is  used because 
i t  wastes more heat than i t  contributes. But in the lo f t  an e f f ic ie n t  
wood stove acts as the major back up to solar heat. The o rig in a l o il
furnace is used sparingly most o f the year, but i t  is  appreciated during
the coldest season. The conventional hot water heater is e le c tr ic  and 
again i t  is used only during the cloudy portion o f the year.
The Sheridan’s keep th e ir  house cooler than most fam ilies . They have 
adjusted th e ir  l i fe -s ty le s  to corre la te  with energy conservation needs. 
Instead o f maintaining the en tire  house a t warmer temperatures» they
migrate to the comfortable areas of the house, often the lo f t  or
kitchen. I t  is not uncommon to fin d  the e n tire  family, including a dog 
and two cats,gathered in the lo f t  where the a ir  is  warmer.
The building is located on a forested north facing slope and the house
is  almost hidden on the wooded s ite . This makes the positioning o f  
solar co llectors d i f f ic u l t .  Because the collectors could not be placed 
on the house i t s e l f  they were located in a clearing about 70 fe e t away.
I t  was s t i l l  necessary to cut down two good sized trees in order to make 
the meadow fa i r ly  open to sunshine year around. In fac t the use of the 
clearing fo r solar collectors meant the loss o f an archery range, an 
a lte red  ecosystem fo r the meadow, and more of man’ s in fernal contraptions 
on natural landscapes. Solar energy is preferable to s tr ip  mines, coal 
power p lants, and nuclear power plants, but i t  s t i l l  has some impact on 
our natural environment.
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How I t  Works
m m
In the preceding chapters we*ve described how solar heating can heat a 
home, the nature o f  solar energy ava ilab le  in Western Montana, and ways 
of making a building energy e f f ic ie n t .  In th is  chapter, we get down to 
the nuts and bolts o f co llec to r construction. The co llecto r is the 
centerpiece o f any active solar heating system.
The co llecto r described here can be used fo r both space and water heating. 
Other co llec to r and system designs are numerous and varied. Some u t i l ­
ize  a i r  instead o f  water as a heat tran sfer f lu id . Some u t i l iz e  rocks 
as heat storage. Many exciting and e ffe c tive  passive systems have been 
designed which require neither pumps nor fans. These passive solar de­
sign techniques are especially applicable on new construction. For our 
s itu a tio n , the design deta iled  here works w e ll.
The co llecto r Is  simply a shallow rectangular box with glass on one side 
to allow sunlight to enter and become trapped. The m aterials used were 
chosen with cost, physical properties, and ease of construction in mind. 
The construction o f the co llecto r can be broken down into several major 
steps. Step one is  the assembly o f the absorber plate which w ill  
c o lle c t the sun‘s energy. The copper pipe which carries the heat trans­
fe r  f lu id  is attached to the p la te . The construction of th is  u n it repre­
sents a t le a s t h a lf o f the time spent on co llector construction.
Step two is the building and fin ish in g  o f the wooden frame. Step three 
is the assembly of the major components o f the co llec to r: absorber 
frame, g lazing, and insu lation .
Figure 5-1 is  a cut-away view o f the co llec to r. This shows a l l  o f the 
major components. You may want to re fe r  back to th is  diagram as 
spec ific  d e ta ils  are discussed la te r .
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STEP 1: ABSORBER PLATE ASSEMBLY
The Absorber P late
The sun's rays penetrate the box through the glass and are absorbed by 
a black p la te . The objective is  to tran sfer the energy {heat} to the 
heat tran sfer f lu id  which w i l l  c ircu la te  to the storage tank in  the 
housev We chose to make the p la te  four ounce copper a fte r  comparing 
heat transfer c a p a b ilitie s  and costs of d iffe re n t m ateria ls. The 
copper pipe manifold configuration was designed with s im ila r considera­
tions in mind (see Section D-3 o f the Appendix).
The dimensions o f the manifold (see Figure 5-2) were determined by the 
size of the glazing units we had obtained. The thermopane glass units 
were 34 inches by 76 inches. A fte r providing an adequate edge support 
fo r the glass and fo r a gap between the manifold and the frame the 
dimensions were established.
The 1/4 inch gap around the absorber p la te  assembly serves two purposes. 
I t  acts as a space fo r expansion of the copper as i t  heats or as the 
wood frame contracts with drying, (See Section D-5 in the appendix for 
a fu rth e r discussion on thermal expansion of various m aterial s .)  In 
addition , the gap provides leeway to account fo r  human or mechanical 
erro r in construction.
Absorber Plate Manifold
The copper pipe manifold w i l l  be soldered to the four ounce copper 
sheets. Pipe sizes fo r the manifold were chosen to minimize f r ic t io n  
while avoiding expensive over-design. The larger pipes in the grid  
we ca ll "headers" and the more numerous connecting pipes " r is e rs ."
This copper pipe grid is diagrammed in Figure 5-2 with dimensions.
Copper pipe or tubing comes in several types. Type "C" is so ft copper 
tubing which may be co iled , bent, etc. Type "M" is r ig id  and can 
withstand greater pressures and temperature* Type "M" is used in the 
grid described here.
I t  is worth noting that copper dimensions are given by suppliers as 
e ith er inside or outside diameter. Type "C" is usually labeled O.D. 
(outside diameter) and Type "M" is labeled I.D . (inside diameter).
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Copper f it t in g s  (elbows, tee jo in ts , e tc .)  are availab le  fo r e ith e r  
type copper although f it t in g s  of type "M" are most common. In purchas­
ing f it t in g s  we found that manufacturers are not consistent with regard 
to the length and radius of turns in f i t t in g s . I f  more than one manu­
fa c tu re r's  product is used take these possible differences into consid­
eration .
When the f i r s t  lengths of pipe are cut, insert them into the f it t in g s  
to v e rify  proper overall dimensions. We used a pipe cu tte r, a handy 
l i t t l e  tool which you ro ll around the pipe while increasing the pressure 
on the cutting blade. This is preferable to using a hack saw which is  
too messy and leaves a ragged edge. Again, assemble each grid before 
soldering to make sure the overall dimensions are correct.
Soldering
For soldering (often termed "sweating") the jo in ts  of the grid together 
y o u 'll need emery paper, solder (50% t in ,  50% lead ), paste f lu x , and a 
simple propane hand torch. To obtain a good bonding surface the ends 
of the pipe should be sanded with the emery paper. Next the flu x  should 
be applied. We found that i t  helped to flu x  a t least an inch back from 
the end of the pipe, and to rub a lib e ra l coating of paste flu x  into  
the f i t t in g  c o lla r .
The pipe is then inserted into the f i t t in g .  When poorly heated the 
solder w ill  flow in and around to produce a good jo in t  (see Figure 5 -3 ). 
I f  heat is applied to one side of the jo in t  u n til the solder flows in 
when applied to the opposite side, excellent connections are achieved.
I f  too much heat is applied to a jo in t  an adjacent connection may loosen. 
With a l i t t l e  experience you can avoid th is  problem. I f  you're new to 
soldering i t  would be a good idea to practice a few times or find  someone 
with experience to help you out.
A fter soldering the en tire  assembly you should tes t your work. Discover­
ing a leaking jo in t  now is better than waiting u n til the en tire  co llector 
is assembled. One easy way to tes t your connections is to plug one out­
le t  of the grid  and connect the other to the garden hose. The pressure 
in the hose w ill provide an adequate te s t.
Soldering Manifold to Sheets
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A fter the grid has been tested for leaks i t  can be soldered to the copper 
sheet. We used four ounce copper which was purchased in ro lls  sixteen 
inches wide. The copper sheets were woven under and over consecutive 
copper risers (see Figure 5 -1 ). A one-quarter inch overlap of the sheets 
was provided. Dimensions fo r  the absorber plate assembly are given in 
Figure 5-2.
The r is e r  pipes are soldered to the copper sheets along the valleys  
created by woven configuration of the sheets. Liquid flux should be 
used l ib e ra l ly  on the area to be soldered. About one pound of 50/50 
solder f lux  w i l l  be required fo r  each absorber plate un it. To
f a c i l i t a t e  paint adhesion to the copper i t  is important to scrub the
assembly well to remove f lu x . I f  the assembly is n ' t  scrubbed immediately 
the unit becomes more d i f f i c u l t  to clean.
To minimize deformation of the manifold due to expansion during soldering 
each 16 inch wide copper sheet should be sholdered to the risers before 
moving down the collector to the next width of copper sheet. Be sure to
provide the 1/4 inch overlap of sheets. After soldering each r ise r
available from the front side of the assembly the u n it  is turned over 
so that the remaining risers can be soldered one sheet at a time.
Painting the Absorber Plate Assembly
The absorber plate assembly can now be painted. We used a f l a t  black
spray paint (Krylon) which requires no primer for copper.
Although we i n i t i a l l y  used f l a t  black paint for our absorber surface 
coating i t  may prove worthwhile to explore other options. One such 
option is Nextel, a coating produced by the 3-M Company fo r  solar
applicators. Nextel is expensive at $40.00 per gallon (1977) but i t
can be brushed, ro lled  or sprayed on. This coating has a longer l i f e  
and is more e f f ic ie n t  than f l a t  black paints. In fac t i t  is used on 
30 percent of a l l  solar collectors marketed today.
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STEP 2: FRAME CONSTRUCTION
Description
The next major step is the construction o f the collector frame. Wood is 
re la t iv e ly  inexpensive and easy to deal with in a home shop. We pur­
chased 2x6 lumber for the wood frame and 3 /8 - inch ex terio r plywood for  
the back of the collector. The 2x6 lumber was hand picked so we could 
avoid warped, knotted, or flawed boards. As with many of the materials 
you w i l l  purchase, i f  the quantity is great enough you may be able to 
ta lk  the supplier into giving you the contractors' price.
I t  may seem that we are going to a lo t  of trouble with our frame con­
struction, but wood has a habit of warping, cracking, and chipping when 
exposed to weather. For this reason we designed beveled corners to 
eliminate the exposure of porous end grain and took special care in 
painting.
The dimensions of the frame were determined by the size of the glazing 
units. We used a table saw to cut the notches for the glass and the back 
door (see Figure 5-4 ). But the notches can also be cut with a router 
or hand rotary saw.
Frame Corner Detail
The corner deta il is probably the most crucial part of the frame design. 
I f  mositure finds i ts  way into the wood grain the frame won't las t long. 
After the 45° angles have been cut in the frame members (see Figure 5 -5 ),  
the abutting ends are held together. Holes are d r i l le d  in the boards to 
prevent them from s p li t t in g  before galvanized 12d nails  are driven to 
connect the frame members. Before na il ing , the abutting ends are glued 
with a waterproof adhesive and rimmed with silicone caulk to f i l l  any 
gapes.
The back of the frame w il l  be covered by a piece of 3/8-inch plywood 
(34-1/2" x 76-1 /2"). This provides a gap of about 1/4-inch around the 
edge of the plywood (see Figure 5-1 ).
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H & scxz& ejî  p u w e .
Frame Finis hi ng
Once the frame has been assembled i t  must be sanded, primed, and painted 
Wood putty is used to f i l l  any cracks, then the ex ter io r  is well sanded 
before painting.
We spent many hours considering paint specifications and ta lk ing to 
paint dealers. F in a lly ,  we chose a re la t iv e ly  expensive ($20.00/gallon) 
polysilicone high gloss enamel produced by Benjamin Moore. This paint 
is used by the U.S. Forest Service on signs and th e ir  evaluation was 
impressive. This paint can act as its  own primer or i t  can be applied 
over a primer coat as we did. We used Benjamin Moore white primer 
($12.00/gal Ion, 1977 prices). We found that one gallon of primer 
covered a l l  surfaces of frame and back cover on seven collectors. One 
gallon of the polysilicone paint provided two coats for the exposed 
surfaces of six collectors.
Frame Finish Coat: Benjamin Moore, Polysilicone High 
Gloss Enamel, Number 3 Base Color 16-6
Primer Coat: Moorewhite Primer
The color noted for the polysilicone paint is grey-brown which blends 
well with the natural colors on our s ite . The paint is available  only
in high gloss but we have found the paint to exhibit a rather low gloss
a fte r  several weeks in the sun.
The exterio r plywood w i l l  have one side which is smoother with fewer 
knots. This side, which w i l l  face out, has the edges f i l l e d  and sanded.
The entire  piece is primed. The outer side and edges are painted with 
polysilicone paint. The in te r io r  sides of the frames and the in te r io r  of the 
plywood back are painted with re f le c t iv e  aluminum paint in order to 
re f le c t  infrared (heat) back to the absorber plate.
STEP 3: COLLECTOR ASSEMBLY
When the paint on the frames and absorber plate is dry the collector  
can be assembled.
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Air Holes
A ir holes need to be d r i l le d  into the frame to allow some a ir  movement 
through the collector. We used three-inch lengths of 3/4-inch copper 
pipe having a fiberglass insulation plug to allow for ven tila t ion .  
Adequate a i r  movement must be allowed to prevent condensation inside 
the collector.
Figure 5-8 shows the placement of the a i r  holes and details  of its  
construction. Notice that the two holes are placed to allow cross 
ventila t ion  and that the higher of the two is designed to prevent rain  
from entering the collector. The 3-inch pipe is smeared with caulk 
before insertion to seal and hold the pipe.
Securing the Absorber Assembly
An in te r io r  frame is required to support the absorber plate assembly. 
This frame is pictured in Figures 5-7 and 5-8. One by four inch pine 
ripped in h a lf  and cut to the proper lengths works well. This l ig h t  
frame should be assembled, painted, and p re -d r i l le d  before being 
attached with screws 1-1/8 inch below the glazintj notch.
In order to secure the absorber plate to the support frame three holes 
must be d r i l le d  along the edge of each side of the plate (see Figure 
5-9). These holes in the plate are oversized to allow for thermal 
expansion of the plate. A washer is insta lled  with each screw. The 
absorber plate is then screwed snug but not cinched t ig h t.
Insulation
With the absorber plate assembly securely attached, the frame can be 
turned over for the in s ta lla t io n  of the fiberglass batt insulation.
We experimented with r ig id  styrofoam insulation which provided a better 
R-value for the same thickness of material as fiberglass ba tt ,  but 
found that i t  melted and became deformed at high temperatures. Also, 
the ta r  used to secure paper or fo i l  to fiberglass insulation melts in 
solar collectors. Use unbacked insulation.
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The painted plywood back needs to be p re -d r i l le d  around the edges to 
allow screws to attach i t  to the frame (see Figure 5-10). Attaching the 
plywood with screws allows access to the collector in te r io r  i f  problems 
should occur la te r .
With the plywood aligned over the frame (resting on the ou tle t pipes) 
the pipe locations are marked on the plywood. Again the holes d r i l l ­
ed to accommodate the ou tle t pipes are at least 3/16-inch longer than the 
pipe's outside diameter to allow for thermal expansion. The plywood back 
cover is placed in position in the notch in the frame (see Figure 5-8 ). 
The frame is p re -d r i l le d  for the screws which w i l l  attach the plvwood 
cover.
Glazi ng In s ta lla t io n
Now that the back cover has been attached, the frame is placed with the 
glazing notch up. The inside surface of the glass is cleaned and a bead 
of silicone caul k is la id  along the bottom of the notch to act as a 
cushion and adhesive for the glass. The glass is lowered carefu lly  into 
the notch, f i r s t  one end and then the other, being careful not to stress 
the thermopane unit. The glass is centered in the notch and f e l t  weather 
stripping is inserted (see Figure 5-8).
The f in a l step to complete the collector is the caulking around the edge
of the glass. We used Down Corning Silicone Rubber Clear Sealant (Cat.
No. 732-CL11; Formerly 732, 781 , 8641) because the specifications are 
the toughest we could find among the basic commercial caulks. A single 
tube costs over $5.00 (1977 cost). A bead which overlaps the glass at 
least 1/8-inch and is s l ig h tly  concave is not d i f f i c u l t  to achieve i f  
the nozzle of the caulking tube is cut properly. On the average we used 
ju s t  under one caulking tube per collector.
Collector Mounting
When the collector is completed, i t  is necessary to position i t  at the 
proper angle. With cost a major concern, we used rough cut unfinished 
fence posts, believing that when they had a chance to weather they would 
be re la t iv e ly  inoffensive in the natural setting. The posts are 3-1/2
inches to 4-1/2 inches in diameter. Two long and two short legs are
attached to each collector using two lag screws per leg (see Figure 5-11) 
Legs and frames were p re -d r il led  prior to attachment. But when d r i l l in g
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in the frame be careful where you d r i l l .  A small error could mean a 
"paneful" experience. The p re -d r il led  hole in the frame was caulked 
with s ilicon before the lag screw was inserted.
The angle a t which the longer leg is attached w il l  depend on the 
collector angle desired.
Solar Collector Angle
To co llect as much energy from the sun as possible a collector should 
always d ire c t ly  face the sun. This would provide optimal e ffic iency for  
collecting solar energy. However, i t  is neither easy nor inexpensive 
to design and construct a tracking system which w il l  assure this optimal 
position at a l l  times.
Figure 5-12 shows how the effic iency of the collector declines as the 
angle of misalignment (the angle between the sun's ray and a l ine  
perpendicular to the surface) increases. The in i t i a l  increments of 
misalignment do not a ffec t the effic iency s ig n if ic an tly .
The commonly accepted rule of thumb for positioning solar collectors  
is as follows:
- For optimum spring and f a l l  co llector angle effic iency set 
the collector at the la titu de  of the s ite  (46° for Missoula 
and Helena, 47° fo r Kali s p e ll ) .
-  For optimum winter collection set the co llector angle 
effic iency at the la t itude  plus 15° (61° fo r  Missoula 
and Helena, 62° for Kali sp e ll) .
-  For optimum summer collector angle e ffic iency set the 
collector at the la titude  minus 15° (31° for Missoula 
and Helena, 32° for Kali sp e ll ) .
We fixed our collectors at the optimal spring and f a l l  angles because 
these are the s ign ificant solar heating seasons in Western Montana. 
Mid-winter is not a s ign ificant solar heating season because of cloud 
cover. I f  you examine Figure 5-14 you w i l l  notice that at the spring/ 
f a l l  setting the collector effic iency remains at 96.5% during the 
winter and summer.
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As indicated in Figure 5-0 a 1-5/8-inch space is provided between the 
glazing and the absorber p late . The resistance to heat transfer in ­
creases with the width of the a ir  space only up to about 3/4-inch.
An a i r  space greater than one inch wide provides essentia lly  no improved 
thermal resistance since convective heat losses dramatically increase 
in spaces greater than one inch. In a ir  spaces greater than four inches 
the resistance actually  decreases. The 1 -5 /8 - inch spacing in our design 
accounts for the added dimension of the copper pipe manifold which is 
connected to the copper sheets.
The collector design provided here uses a thermopane (two panes with 
sealed a ir  space) glazing. The R-value of such a glazing is about 1 .5 ,  
i f  a single pane were used an R-value of 0.8 is provided. The double- 
pane unit has about twice the resistance to heat transfer. This re­
sistance is important to the performance of the collector when operating 
during cold weather.
I f  the co llector is expected to operate almost exclusively during warmer 
seasons (May-September) or i f  the desired output temperatures are lower 
than for typical 110° to 140° applications, perhaps for swimming pool 
heating, single glazing may be appropriate. Single glazing would be less 
expensive and allow more sunlight to penetrate the glazing.
With each additional pane of glass the thermal resistance increases but 
energy from the sun is reflected and absorbed by the glass and thus is 
lost to the co llector. I f  a more detailed analysis of glazing options 
is desired re fer to Other Homes and Garbage which provides a graph 
of collector operating effic iency against temperature d if fe re n t ia ls .
From this chart the following comparison can be made. A collector  
operating at an in te r io r  temperature of 130°F and with outside a ir  
temperature of 30°F would be 51% e f f ic ie n t  with single pane and 59% 
e f f ic ie n t  with double glazing.
The same co llector operating again at an in te r io r  temperature of 130°F 
but with an outside a i r  temperature of 70°F would be 66% e f f ic ie n t  with 
single glazing and 69% e f f ic ie n t  with double glazing. The greater the 
difference between the in te r io r  collector temperature and the exterior  
a ir  temperature the greater advantage are additional panes.
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How I t  Works
A home requires hot water year around no matter what the weather. Even 
when no energy is needed to keep a house warm the water heater is 
s t i l l  consuming energy. This year round use of the water heater makes 
a solar hot water pre-heater practical and economical. Between 15 per­
cent and 25 percent of a home's tota l annual energy use goes to water 
heating. Of th is , well over ha lf  can be provided by the sun.
The solar water heating system w il l  be described in terms of i ts  four 
basic parts: collectors and transport pipe, and the pump which circu­
lates the heat transfer f lu id ;  the tank which stores the solar heat; 
and the domestic water supply c irc u it  which is modified to absorb heat 
from the storage tank. The f in a l function is the automatic control 
which activates the pump when the sun's energy is available.
Figure 2-1 diagrams these basic functions while Figure 6-1 goes into the 
detail of component size and specifications. The discussion in the pre­
ceding chapter about soldering techniques w i l l  be useful in assembling 
the hot water system c ircu its .
Collector C ircu it
Solar collector construction was detailed in the las t chapter. The 
collectors are connected to the storage by 3/4-inch type "M" copper 
pipe. These pipes, which w i l l  carry the heat transfer f lu id  to and 
from the collector must be insulated to minimize heat loss. In the next 
chapter two methods of insulating the supply and return pipes are shown.
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The outlet pipe located at the top of the co llec to r, is connected to the 
return pipe by a piece of 3/4-inch automotive heater hose. Note that 
an a ir  vent is positioned at the highest point in the system. The hose 
is clamped and insulated with Armaflex pipe insulation (Figure 7 -3 ). The 
in le t  pipe is connected in a sim ilar manner to the supply pipe carrying 
the heat transfer f lu id  from the storage tank.
The heat transfer f lu id  c iru lates through the collector and through the 
3/4-inch copper pipe to the heat transfer coil in the storage tank. The 
heat transfer coil is a 60-foot long continuous coil of 3 /4 -in c ‘n type 
"C" copper (so ft  copper). The coil is formed by wrapping the copper 
pipe around a cylinder of the appropriate diameter. Smail copper fins  
may be soldered to the coil to improve heat transfer.
Because the heat transfer f lu id  can be harmful to human health i t  is 
important that no jo in t  occur in the coil where a leakage would con­
taminate the storage water. After contributing i ts  heat to the storage 
water the heat transfer f lu id  empties into a 5-gallon expansion tank.
The heat transfer f lu id  w il l  expand as much as 10% under normal operating 
conditions. I f  the pump should f a i l  and the f lu id  stops c irculating  
an even greater expansion could occur. The expansion tank allows the 
f lu id  to expand without damaging the system. I t  also allows for boilinq  
of the f lu id  or pressure build-up. The 5-gallon expansion tank could be 
replaced by an a i r  purger, f lo a t  a i r  bleeder, expansion valve (30- 
pound), and prime tank. This set of components, discussed in the next 
chapter (Figure 7 -7 ),  would be comparable although more expensive.
The pump them pushes the f lu id  from the expansion tank and the f lu id  
circulates to the collector. An oversized intake pipe is used at the 
expansion tank in order to help assure that the pump is primed.
A gate value is placedon the outle t side of the pump to allow maintenance 
and to control flow rate. The valve can be closed and the pump removed 
or replaced.
The pump we used for the hot water system was 1/6-horsepower. This pump 
was larger than we needed but we wanted f l e x i b i l i t y .  Pump sizing is 
discussed in Section D-2 of the appendix. The best bet is to take your 
system diagram to a shop which sells  pumps and take advantage of the ir  
years of experience with plumbing systems.
Centrifugal type pumps with direct-coupled rather than belt-driven motors 
are preferable. Centrifugal pumps, as opposed to a positive-displacement 
type, are safer in case of blockage in the f lu id  loop and th e ir  increased 
flow rates at higher temperatures leads to improved collector e ffic iency .  
Be sure the pump you use has been designed for hot. water applications.
Some contain p las tic  impeller parts which deform at elevated temperatures.
Water freezes at 32°F. Because temperatures can drop this low much of 
the year, collectors e ither have to be drained or must use a non- 
freezing heat transfer f lu id .  We have seen several instances of impro­
perly designed draining systems which resulted in ruptured co llector  
pipes and jo in ts .  For this reason we have added ethylene glycol, auto­
mobile radiator an tifreeze, to water in the heat transfer f lu id .  This 
lowers the freezing point to -50°F and raises the boiling point to 
230°F (a t one atmosphere pressure) i f  a 40 percent water, 60 percent 
glycol concentration (by weight) is maintained. I f  more ethylene glycol 
is added the freezing point actually  occurs at a higher temperature.
The storage tank is f i l l e d  with plain tap water. Ethylene glycol is not 
added because i t  reduces the heat storage capacity o f water, i t  is 
expensive, and i t  is very toxic.
The heat transfer f lu id  must be drained period ically  and replaced to 
prevent damage to the metal by acids which build up in the antifreeze  
f lu id .  Although this heat transfer f lu id  is ethylene glycol others are 
available from Dow Chemical, General E le c tr ic ,  and other companies. 
Propylene glycol is less toxic and may be available from a local milk 
processor.
The heat transfer f lu id  should also include a dye i f  the antifreeze does 
not adequately provide for quick detection in case of contamination of 
the domestic water supply.
The Heat Storage Tank
There are a wide range of materials used for storage tanks. They include 
fiberglass, concrete, galvanized s tee l, and common steel fu e l-o i l  drums.
We chose to use the la t te r  because they are inexpensive and readily  
available. For health considerations these drums should not be consid­
ered i f  potable water w i l l  be stored in them.
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Steel fu e l -o i l  drums are not high-pressure containers and a vent must 
be in sta lled  to allow for pressure which may build up. We used two 
55-gallon drums and brazed them together for a larger capacity. A thin  
f i lm  of 20-20 non-detergent motor o i l  can be spread over the surface of 
the water to prevent excessive steam from escaping.
I t  is important to minimize heat loss from the storage tank by insulating  
the tank. The tank can be set on sheets of r ig id  insulation and wrapped 
with fiberglass batt. A top for the tank can be fashioned from sheets 
of 2-inch styrofoam. We used 3-1/2-inch fiberglass batt insulation  
around the tank. The expansion tank should also be insulated along with 
the warm water pipe returning from the collector.
Domestic Water C ircu it
This c irc u it  requires no pump since water pressure is supplied by the 
well pump or c ity  water system. Instead of d ire c t ly  feeding into the 
conventional hot water heater the incoming water is routed through a 
second heat transfer loop in the storage tank. Passing through this  
continuous 60-foot 1/2-inch type "C" copper coil allows the incoming 
water to absorb the heat stored in the tank. The water then passes on 
to the conventional hot water heater where i t  w i l l  be heated further  
i f  necessary. Again, for safety reasons the coil should be continuous 
without jo in ts  inside the tank. This coil is always under positive  
pressure so that a leak w i l l  cause water to enter the storage tank 
thereby preventing contamination of the domestic water.
The Controls
The f in a l function necessary for the operation of the solar water heat­
ing system is the activation and deactivation of the pump which c ircu­
lates the heat transfer f lu id .  The pump should operate only when the 
temperature o f the collector is greater than the temperature of the 
storage water in the tank. I f  the pump operates when the collector  
is cooler than the storage system,heat w i l l  be lost to the atmosphere.
One method of dealing with this problem is to simply turn the pump on 
manually when the sun is shining and o f f  when i t  is not. This method 
is inexpensive. However, most of us are neither accustomed to remain­
ing at home or having to consciously react to hourly weather changes.
An automoatic control system is simple to in s ta l l  and re la t iv e ly  in ­
expensive. This control merely compares the temperature of the collec­
tor with that o f the storage and then turns the pump on or o f f .  The 
temperature o f the collector is monitored by a thermistor (heat sensing 
device) placed in the co llector. Another thermistor is taped to the 
lower one-third of the storage tank. Wires connect these two thermis­
tors to a "Delta-T" comparator. The comparator unit then signals the 
relay t.o e ith er  activate  or stop the pump.
The unit we purchased is designed so that the pump w il l  not be activated  
until the collector temperature is 15°F greater than the storage temp­
erature. This prevents short on/off cycles early and la te  in the day 
that cause unnecessary wear on the pump. The unit is also designed 
so that the pump is turned o f f  when the collector temperatures f a l l  5°F 
below that of the storage. This is a great enough temperature d i f f e r ­
entia l to prevent shut-off during periods of temporary cloud-over. The 
wiring diagram for this control system is shown in Figure 6-2.
Another thermistor, labeled "override" on Figure 6-2 , is placed in the 
collector and connected to the comparator un it . This thermistor allows 
the comparator to set a minimum temperature for pump start-up. I f  the 
collector does not reach, for instance*80°F, the pump w il l  not come on.
In this way the pump w il l  not operate under conditions where the heat 
input is small compared to the energy costs of running the e le c tr ic  
pump motor.
The thermistor, comparator, and relay units are readily available from 
several mail order catalogues. Several are l is te d  in the resource 
section of the appendix.
Special Note
E lectrical wiring can be dangerous. Of the several s k i l ls  required to 
build an en tire  solar system yourself, dealing with e le c t r ic i ty  deserves 
the greatest caution. I f  you don’ t  know exactly what you’ re doing, i f  
you haven't had much experience, hire a professional e lec tr ic ian . I f  you 
don’ t  know how to hook up ground wires for the wiring configuration in 
Figure 6-2 you had better find help. Going ahead yourself may mean f i r e ,  
serious e le c tr ic a l shock, and ruined relays and motors. I f  you do choose 
to do your own work contact the power company for a l i s t  of suggested do's 
and don'ts.
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Sizing the Solar Water Heater
How many collectors and how large a storage tank should a solar hot 
water system have? A simple approximation is to-provide 1 foot^ of 
collector for each two gallons of storage water.
For a closer estimation of co llector area needed you can e ither assume 
20 gallons of hot water required per person per day or attempt to 
estimate the actual usage as described in Chapter 3. A fter you know 
how many gallons of hot water are required each day, i t  is an easy 
matter to calculate the number of BTU's required to do the job.
E = (8.35) (gallons hot water) (AT)
E is the number of BTU's required per day. I t  takes 8.35 BTU's to 
raise one gallon of water one F°. The symbol AT is the difference  
between the incoming water temperature and the temperature desired 
of the hot water. AT usually equals 80°F.
Our collectors have been monitored to determine how many BTU they can 
contribute to the heat storage during each of the seasons. The temp­
erature differences for the seasons account for the performance varia ­
tions. Average collector performance was as follows:
Season
Winter (Dec., Jan., Feb.) 
Spring (Mar., Apr., May) 
Summer (June, July, Aug.) 
Fall (Sept., O c t., Nov.)
Performance
100 BTU/ft /hour 
160 BTU/ft2/hour 
250 BTU/ft2/hour 
160 BTU/ft2/hour
When the energy required each day is known and the a b i l i t y  of the co llec­
tor to supply heat to the storage tank is known, the area of co llector  
required can be determined. This area for three d if fe ren t heating re­
quirements is shown in Figure 6-3. Because not every hour or day is  
sunny we should also adjust the collector area required according to the 
percent possible sunshine available (see Figure 3-5).
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We sugges t sizing the collectors to obtain about 100% of A p r il 's  hot 
water energy requirements. This w i l l  provide over ha lf of the yearly  
hot water energy requirements. Although Figure 6-3 represents the April 
calculations, s im ilar calculations can be made for other months using 
the same formulas shown below on the chart.
An adjusted collector area is given to account for the cloud cover 
which blocks the sun's rays (Col. Area 2). Once you know the approximate 
collector area required you can decide on the number of collectors to 
build. From our experience, considering percent possible sunshine, three 
collectors would provide 60 gallons of hot water per day. Six collectors  
are needed i f  100 gallons per day is required.
These guidelines should allow you to supply 50% to 60% of your annual 
hot water energy needs from the sun. As additional collectors are added 
to the system each one contributes s lig h t ly  less than the one before.
As the temperature of the f lu id  increases from the use of additional 
collectors the temperature difference between the collector and the 
environment increases. Thus heat radiated to the environment from the 
collector and storage increases. Thus heat radiated to the environ­
ment from the collector and storage increases. Considering this decrease 
in e ff ic iency , the cost of more collectors than recommended is not 
economically advisable. As conventional fuel and e le c t r ic i ty  costs r ise  
i t  w i l l  become more economical to increase solar capacity.
In sizing the heat storage tank i t  is again necessary to consider the 
hot water needs of a family. This we have already done in sizing the 
collectors.
Since we know that not every day is sunny i t  is advisable to size the 
storage tank so i t  can store two days' hot water energy needs. The 
following chart (Figure 6-4) correlates storage volumes with daily  hot 
water energy needs:
These storage sizes are approximate and should be varied according to 
the size of tanks available . I f  you choose to in s ta ll  a solar hot 
water heating system with only one or two collectors with the intention  
of adding more la te r ,  the storage tank should not be f i l l e d  to capacity. 
I t  is better to have 50 gallons of water at 100°F which is usable than 
to have 100 gallons at 85° which is not.
In an average home, well over ha lf of a l l  the energy consumed is used to 
maintain comfortable temperatures in the house. The temperatures re­
quired to heat the a i r  within the house do not need to be great. People 
today, conscious of ris ing energy costs, maintain temperatures at 65°F 
to 68°F during the daytime. During the night the temperature is reduced 
to about 55-60°F. Since solar f l a t  plate collectors can heat storage 
water to temperatures of 160°F the use of solar energy for space heating 
is a natura l.
While demands for hot water heating are constant year around, there are 
times when l i t t l e  space heating is required. I f  a large solar space
heating system is in s ta lled , i t  may be unused or under used in the
summer. For this reason solar space heating is not as economical as hot 
water heating. Because costs of the conventional energy sources vary 
i t  is important to consider the type of energy already being used when 
determining whether or not solar is an economically advantageous a lterna­
t ive . E le c tr ic ity  is now much more expensive than o i l  or natural gas.
The payback period for a solar system replacing e le c tr ic  heat is much 
shorter than i f  another fuel is replaced.
Solar space heating can work in Western Montana although we have found
that usable heat collected in the mid-winter months of December and 
January is minimal. Even so, over 50% of a home's yearly space heat 
energy requirements can be provided by solar energy.
How I t  Works
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The solar space heater works much l ik e  the solar hot water heater.
Instead of transferring the stored energy to water i t  is transferred to 
room a ir .  This is accomplished by providing a heat d istr ibution c irc u it  
which allows water, heated by the storage tank, to be circulated through 
a radiator where the heating of the a i r  occurs. Figure 2-2 i l lu s tra te s  
the basic components of the system. The heat transfer f lu id  is circu­
lated by a pump through the collectors and then back through the storage 
tanks. Heat i t  then transferred to the water in the tank. Then another 
pump circulates water through a c irc u it  in the storage tanks and on to 
the a i r  ducts.
In discussing the design and construction of the solar space heating 
system four basic functions w i l l  be id en tif ied : (1) the collector array 
and collector c irc u it ,  (2) the s t ra t i f ie d  storage system, (3) the heat 
distribution  c irc u it ,  (4) the system controls.
Collector Array and C ircu it
Because the Sheridan home is located on a forested slope, the solar 
collectors fo r space heating were placed in a sloping meadow 70 feet  
from the house. The shape of the meadow largely determined the 
collector array pattern (see Figure 7 -1 ). There are f iv e  rows of six 
collectors each. Each collector is positioned at an angle of approxi­
mately 46°. The rows are spaced to avoid shading even in the winter 
when the sun is at i ts  lowest position.
The c ircu la tion  pattern in the array is shown in Figure 7-2. The co llec­
tors in each row are connected in series; the f lu id  passes through the 
collectors consecutively. The rows are connected in a para lle l flow 
pattern; the path of the f lu id  divides into f iv e  separate rows before 
jo ining again for the return to the storage tank.
A gate valve is placed on the cool side of each row to allow adjustments 
to be made in the flow rates in each row. Gate valves are used here 
and throughout the system because they do not impede flow, unlike globe 
valves which have constricted openings.
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In connecting the collectors and rows of collectors several deta ils  are 
Important. Figure 7-3 shows these details  which correlate with the 
schematic in Figure 7-2. The size of the type "M" copper pipe is in d i­
cated on th is  diagram. Notice the a ir  vent a t the o u tle t  side o f the 
uppermost row. This vent allows a i r  trapped in the c irc u it  to escape.
The collector array is located a considerable distance from the house. 
This condition meant greater transport costs for the pipe used to carry 
the heat transfer f lu id .  In order to minimize heat loss along its  
length the pipes had to be insulated. Rigid insulation board, styro­
foam, was used, as shown in Figure 7-4. the diagram shows two methods. 
One is fo r  above ground use which we u t i l iz e d  during the i n i t i a l  s ta r t ­
up of the system. The second is fo r  the f in a l below grade application.
The pair  of one-inch pipes enter the house and pass overhead across the 
basement to the storage tanks.
S tra t i f ie d  Storage System
Many solar space heating systems u t i l i z e  one large tank to store heat in
a manner s im ilar to the water heater system described inthe las t chapter.
There are, however, major disadvantages in th is  design for space heatina.
I f  collectors receive a moderate amount of solar radiation a large quan­
t i t y  of water can be raised a few degrees or a smaller amount can be 
increased to a considerably higher temperature. The large volume of low 
temperature water w ill  be of no use, but the higher temperature water 
can be read ily  u t i l iz e d  for heating. This is the theory behind the 
s tra t i f ie d  storage system. By heating portions of the to ta l storage 
volume, we can better u t i l i z e  the heat collected from the sun.
The s t ra t i f ie d  storage system consists of four isolated tanks; two 500- 
gallon tanks and two 240-gallon tanks. The tanks are oblong, constructed 
of fiberg lass, and four fee t in depth. The shape of the tank is shown 
and the dimensions are given in Figure 7-5. The fiberglass cover was 
designed with a hatch door for each tank and i t  was d r i l le d  for plumbing.
Fiberglass tanks were used because of th e ir  r e l ia b i l i t y  and the a v a i l ­
a b i l i t y  of a variety of shapes. Concrete tanks are d i f f i c u l t  to handle
because of th e ir  weight and they are notorious for leaking.
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The heated transfer f lu id  passes through the collector c irc u it  pipe from 
the co llector to a series of heat exchangers located in the storage 
tanks. This allows the storage water to absorb the heat. The heat ex­
changers are a fin -tube array. A fin -tube is simply a copper pipe 
which acts as the axis for a series of 2-inch square aluminum plates 
spaced at 3/8-inch intervals perpendicularly along the pipe. The 3 /4 -  
inch fin-tubes are four fee t long in the 500-gallon tanks and three 
feet long in the two small tanks. Figure 7-5 shows the fin -tube arrays 
in the tanks. The fins improve the e ffic iency of heat transfer by in ­
creasing the e ffec tive  surface area of the pipe. The fin -tube arrays 
are placed 8 inches above the tank bottom.
From the f i r s t  240-gallon tank the c irc u it  passes into the second 240-
gallon tank and then on through the larger th ird  and fourth tanks.
Valves are placed along the c irc u it  as shown in Figure 7-5. With these 
valves any number of tanks can be heated. The specific valve settings
required fo r  each combination are given in Figure 7-7.
After passing through the tanks the c irc u it  must go to the pump which 
circulates the cooled f lu id  back to the collectors. Figure 7-6 diagrams 
the c irc u it  from the point where i t  leaves the storage tanks to where 
i t  returns to the pipe leading to the collectors. In order to have a 
system which functions well several components must be added to the c i r ­
cu it.
These c irc u it  components each play a specific role, 
planations are referenced to Figure 7-6:
The following ex-
(1) As the heat transfer f lu id  leaves the tanks i t  passes through 
an a i r  purger which separates any a i r  in the system from the heat 
transfer f lu id .  The f lo a t  a i r  bleeder then allows the a i r  to 
escape to the room. I t  is important to minimize the a ir  trapped 
in the c irc u it  since i t  can impede the f lu id  flow. The expansion 
tank allows for expansion of the heat transfer f lu id  as i t  is heat­
ed, without damage to the c irc u it .
(2) This tee jo in t  allows a connection to the well water system 
to maintain a constant pressure on the entire  c irc u it .
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(3) The pressure control reduces the 40 to 60 pound well pressure 
to a constant 12 pounds. We did not trus t this valve to prevent 
leaking of the an ti-freeze  solution into the domestic water 
system. Therefore, a gate valve was added between the well and
(3 ). This valve is opened only when the system is f i l l e d  or 
pressurized.
(4) The pressure r e l ie f  valve acts as another safety check in case 
f lu id  expansion becomes too great in the c irc u it .  This valve 
allows f lu id  to escape to release this pressure. An overflow con­
ta iner is placed at the ou tle t of the r e l i e f  valve to catch any
of the heat transfer f lu id  which is released.
(5) The three-inch diameter copper pipe functions as a prime tank 
and i t  maintains a continuous volume of f lu id  to the pump during 
start-up and operation.
(6 )(7 )  Valves placed a t these points allow the pump to be dis­
connected without a s ign ificant loss of heat transfer f lu id .
(8) This tee jo in t ,  which is connected to the pressure r e l ie f  
valve overflow container, allows f lu id  collected in the container 
to be returned to the system merely by opening a valve (9) while 
closing valve (6 ).
(10)(11) These clamped automotive heater hose lengths not only 
damp motor vibration but also provide a galvanic junction between 
the copper pipe and the steel impeller housing of the pump. This 
w il l  prevent extensive e le c tro ly t ic  corrosion.
(12) We chose to use a 3/4-horsepower model 100 M 10.4 amp 
centrifugal pump.
(13) The check valve prevents a reverse flow of the heat transfer  
f lu id  when the pump stops. This can be important since at night 
the collectors w i l l  become cooler than the storage tanks. Because 
the collectors are up h i l l  from the storage tanks the cooler f lu id  
may tend to flow downhill to the tanks. This natural c ircu lation  
can act to cool the storage water.
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We have u t i l iz e d  a 60% antifreeze  40% water mixture as the heat transfer  
f lu id .  As in the solar hot water storage tanks 20-20 non-detergent motor 
o i l  is placed over the surfaces of the storage water.
The storage tanks need to be insulated well to prevent excess heat loss. 
We used two layers of 3-1/2-inch fiberglass batt insulation around and 
over the tanks a f te r  placing styrofoam sheets under the tanks. The 
exposed c ircu la tion  pipes connecting the tanks should also be insulated.
Heat D istribution C ircu it
The co llec to r  c irc u it  heats the storage tank water. The heat d is tr ib u ­
tion c ir c u i t  then absorbs that heat and transfers i t  to room a i r .  The 
heated water in the heat d is tr ib u tio n  c irc u i t  passes through another 
heat exchanger (rad ia tor) in the a i r  duct system. I f  a house is not 
already f i t t e d  with a forced a i r  heating system (a i r  heated a t the 
furnace and then blown through ducts to the rooms of the house) radiators 
can be placed d ire c t ly  in the l iv in g  space. A fan behind the radiator  
would be required to increase the movement o f a i r  over the radiator and 
thus aid heat transfer.
The heat d istribution  c ir c u i t  is s im ilar  to the collector c irc u it  in that 
f in -tu b e  arrays are placed in each of the four tanks to absorb heat from 
the storage water. These fin-tubes are positioned near the top of the 
tanks since warm water r ises. Valves are placed in the c irc u it  so that 
heat can be extracted from any number of tanks. The fin -tube array 
placement is  depicted in Figure 7-8. Figure 7-10 indicates valve set­
tings required for the use of a specific  number of tanks.
Because there is no danger of freezing, water is the f lu id  used in the 
heat d is tr ibu tion  c irc u it .  The water is circulated by a 1/12-horsepower 
pump. The heated water transfers i ts  heat to the a i r  by passing through 
80 fe e t  o f fin -tube  located in the main a i r  heating duct.
The function of each additional component of the system is given in the 
following descriptions which correlate  with Figure 7-9:
(14) The 80 feet of fin -tube in the a i r  duct increase the surface 
area available fo r heat transfer. One foot of 3/4-inch fin -tube  
can transfer as much heat as 50 fee t of 1/2-inch copper tubing 
and is much less expensive.
(15) The a i r  purger separates any a i r  in the system from the 
water and the f lo a t  a i r  bleeder then allows the a ir  to escape.
The expansion tank compensates for expansion and contraction in 
the water in the c irc u it  as i t  is heated and cooled.
(16) The heat d istr ibution c irc u it  is connected to the well 
water system to maintain a constant pressure. The pressure control 
reduces the 40 to 60 pounds of well pressure to a constant 12 
pounds in the c irc u it .  Again, a gate valve is added to prevent 
the f lu id  from backing up into the domestic water supply.
(17) The pump moves the water through the c irc u it .
(18) This valve controls the flow rate  in the c irc u it .
(19)(20) These clamped automotive heater hose lengths not only 
dampen motor vibration but also provide a galvanic junction  
between copper pipe and the steel impeller housing of the pump.
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The heat from the sun can now be transferred from the storage to the room 
a i r  by th is  c irc u i t .  Before describing the system controls i t  may be 
helpful to make some notes.
NOTE: Combining Space and Water Heating Systems
Since we i n i t i a l l y  b u i l t  a solar water pre-heater, we chose not to com­
bine the water and space heating systems. However, i f  one were to 
i n i t i a l l y  plan on constructing a dual system i t  would make sense to 
combine them. The f i r s t  240-gallon tank could be used solely for water 
heating and the remaining three tanks fo r space heating.
The design of the collector c ir c u i t  would remain exactly as we have 
described i t .  The domestic water supply would c ircu la te  through the 
f in -tu be  array in the f i r s t  tank. The space heat d istr ibution  c irc u it  
would merely by-pass the f i r s t  tank and c ircu la te  only through the other 
three, v-
S.ystem Controls
The co llecto r c irc u it  pump should operate only when the collectors are 
warmer than the storage water. The heat d is tr ibution  c irc u it  pump 
should operate only when the storage water temperature is s u ff ic ie n t ly  
warmer than the room temperature and heat is needed. The controls w il l  
automatically operate these pumps under the correct conditions.
Control for  the Collector C ircu it
This control w i l l  operate the pump which circulates the heat transfer  
f lu id  through the solar collectors and storage tanks. A thermistor 
(a device which measures temperature) is placed in a collector; see 
F.igure 7-11 for placement. Another is placed on the outside of the 
f i r s t  storage tank. These two thermistors are connected by wires to a 
comparator located on a control board near the storage tank. The com­
parator is simply a device which compares temperatures and sends 
e le c tr ic a l signals to a relay which e ither  activates or deactivates 
the pump.
The components of the co llector c ir c u i t  controls are shown along with 
specifications in Figure 7-11. The role  of each component is described 
below and is referenced to th is  schematic:
(1) The collector thermistor registers the collector temperature 
and sends an e lec tr ica l signal to the comparator.
(2) The storage tank thermistor registers the storage temperature 
and sends an e le c tr ic  signal to the comparator.
(3) The comparator is activated when certain temperature condi­
tions occur to signal the pump to stop or s ta r t .  I f  the collector  
temperature is greater, the comparator activates a relay (4) 
which starts the motor. This 25 amp relay is necessary because 
the comparator relay is not adequate to s ta rt  the pump motor.
In this system, the comparator relay only activates the coil in 
the larger relay. I f  the storage temperature is greater then the 
comparator deactivates the relay and the pump stops.
(5) The 3/4-horsepower pump circulates the heat transfer f lu id .
(6) The junction box allows the comparator and relay to be 
connected to the house e lec tr ica l system.
(7) The c irc u it  breaker in the u t i l i t y  box of the house prevents 
overheating of wires in case of an e le c tr ic a l short or other 
problem. I f  a smaller pump is used a 20 amp breaker may be used. 
Consult an e lec tr ic ian  or the power company.
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The s t r a t i f ie d  storage system is designed so that the volume of water 
being heated can be varied in order to achieve usable temperatures.
I t  is possible to design a to ta l ly  automatic system for e ither opening 
or closing the valves which control the number of tanks being heated.
But we consider such a system too costly and unnecessary. Manual 
operation of the valves works fine and requires very l i t t l e  e f fo r t .
I t  is necessary to monitor the temperature of the tanks. This can be 
done e ither by suspending a thermometer in the tank or by attaching a
thermistor to the tank ex ter io r. With the control system operating the
pump, a l l  we have to deal with is determining how many tanks should be 
heated.
When the f i r s t  tank has been heated to about 130°F the valves should be 
set to also heat the second. When the second tank also reaches about 
130°F the th ird  should then also be heated. When the th ird  tank reaches 
about 130°F the fourth should then be heated. The valve settings to 
control which tanks are heated is shown in Figure 7-7.
Let's look at a specific example. You are about to leave for work in the
morning. Because the heating system had run last night the temperature 
of the f i r s t  and second tanks was down to 80°F. These were the only 
two tanks to be heated the day before. I f  i t  looks l ik e  a good solar 
day with a c lear sky you would leave both tanks open to be heated. I f  
however, the sky appears overcast and the forecast is for partly  cloudy 
weather, you would close the second tank and attempt to heat only the 
f i r s t .
I t  would not take long to become fam ilia r  with how your system works 
under d if fe re n t  weather conditions. Before long yo u 'l l  become an expert 
on the solar potential of various weather and seasonal conditions. Set­
ting the valves of the storage tanks w i l l  become as automatic as turning 
down the thermostat when you leave for work.
Control for the Heat D istribution C ircuit
The heat d is tr ibution  c irc u it  control operates the home's heating system, 
This control e ither turns the pump on or o f f  which circulates water 
through the a i r  duct f in -tube.
With the conventional heating system the wall thermostat in the house 
would provide the signal to operate the furnace when heat was required. 
With a solar heating system added the thermostat plays the same role  
although solar heat is u t i l iz e d  before the conventional furnace is a c t i ­
vated. I f  the heat obtained from the f in -c o i ls  in the a i r  duct is in ­
s u ff ic ien t then the conventional furnace w i l l  operate.
The following discussion of the components of the control c irc u it  are 
referenced to Figure 7-12:
(1) The wall thermostat is connected to a switching relay (2) 
which activates the pump (3) i f  the sensor bulb (4) placed on the 
storage tank is at least 85°F.
(5) The bulb temperature control assures activation only a t  85°F 
or above.
(6) At the same time that the pump is activated, the switching, 
relay also activates the blower motor in the furnace.
(7) The junction box and c irc u it  breaker (8) required by the 
switching relay are also shown.
(9) Another c irc u it  breaker and relay (10) are required for the 
furnace blower motor.
The specifications for the components of the control system are included 
in Figure 7-12.
The s t ra t i f ie d  storage system allows heat to be taken from any number of 
tanks. I f  only the f i r s t  and second tanks are heated then the water in 
the heat d istr ibution  c irc u it  should only c ircu la te  through the f i r s t  
and second tanks. The valve settings required for including the various 
tanks in the heating c irc u it  are given in Figure 7-10.
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Sizing the Solar Space Heater
In Western Montana a typical home which is not well insulated w i l l  con­
sume between 15 m illion  and 20 m illion  BTU's in the month of A p ril .
We suggest sizing a solar space heating system no larger than what could 
supply 100% of th is  April heat requirement. Presently larger systems 
are extremely uneconomical.
I t  is also important that heat loss be reduced by insulation and weather- 
ization. This w i l l  decrease energy requirements fo r  space heating.
In Chapter 4 a method for determining energy requirements from fuel 
b i l ls  is explained. Once the energy needs fo r  space heating are known, 
the required collector area can be calculated. Collector performance 
was discussed in Chapter 6 and is included below.
Season
Winter (Dec., Jan., Feb.) 
Spring (Mar., Apr., May) 
Summer (June, July, Aug.) 
Fall (S ept., O ct., Nov.)
Performance
100 BTU/ft /hour 
160 BTU/ft2/hour 
250 BTU/ft2/hour 
160 BTU/ft2/hour
Assuming there are nine hours of sunshine each day there are 270 poss­
ib le  sunny hours in the month of A pril.  The following formula can be 
used to determine the collector area necessary to co llect a given 
number of BTU's i f  a l l  hours are sunny.
Collector area = BTU required/month t (270 hrs/month x 160 BTU/ft^/hour)
Since we know that only about ha lf of the daylight hours are sunny 
(see Figure 3-5) we would have to double the collector area to obtain 
the tota l monthly energy requirement. The collector area requirements 
for various monthly energy needs are l is te d  below.
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As you can see, the fe a s ib i l i ty  of supplying a l l  of the April heat re ­
quirement by solar are diminished for a house which uses a lo t  of 
energy. This is why energy e f f ic ie n t  building is so important for solar 
heating. I f  A p r i l 's  heat needs are met by a solar system, over h a lf  of 
the yearly  space heating needs w i l l  be met by the system. I f  a system 
that meets April heat needs is too ambitious a project now, there is no 
reason why a smaller system can't be insta lled  which allows fo r  future  
growth. Fewer storage tanks could be i n i t i a l l y  included and fewer 
collectors could be b u il t .
The size of the storage required also depends on the energy needs.
The method used is the same as that described in sizing the storage for  
a solar water heater in the last chapter. The following chart l is ts  
both single day and two day storage requirements. The two-day figures  
are preferable since we know about every other day w il l  be cloudy.
The above figures are only guidelines which correlate with our experience 
with solar heating systems.
Many a reader w i l l ,  a fte r  reviewing this guide, recall the tr ie d  and true 
proverb, "Easier said than done." Ironing out a l l  of the small problems 
w il l  take some patience. I t  is important to accept the fact that 
several t r ia ls  w i l l  occur before a system works properly. Owning and 
understanding your own solar heating system makes the e f fo r t  worthwhile.
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APPENDIX A COST BREAKDOWN
SOLAR HEATING SYSTEM COSTS AND PAYBACK 
Preliminary Evaluation
This preliminary economic evaluation is based on only six months of 
operation data. By converting BTU stored to BTU in fuel o i l  and calcu­
la t in g  the cost of fuel o i l  we obtain a figure of $92.40. Doubling 
this saving to obtain the approximate saving for 12 months4operation 
a to ta l savings of $184.80 is obtained.
$5135.27 Cost of 30-panel space heater materials
184.80 Saving per year (a t current fuel costs)
v . 27.7 Payback time; years
There are several factors which are now shown above which s ig n if ica n tly  
a ffe c t  the payback period. December and January were exceptionally  
cloudy as compared to the 24-year average. State of Montana solar tax 
credits w i l l  reduce the payback period as w i l l  the sale price of a solar 
versus non-solar home. Normally a large space heating system would also 
contain the home hot water system. We wanted to build a separate solar 
hot water heater to provide a model for public demonstration. F in a lly ,  
o il  prices w i l l  surely r is e , perhaps dramatically, in years to come.
When we have gathered a fu l l  year's data, a complete economic evaluation 
fo r  water and/or space heating systems w i l l  be provided.
Further, a solar co llector system alone cannot be evaluated. I f  we bal­
ance wood supplimentary heating we obtain a better picture. The data 
below indicates the s tr ik ing  e ffe c t  of conservation, wood, and solar 
at the Sheridan home.
YEAR
1976
1977
1978
GALLONS #2 FUEL OIL
897
762
213
COST
$347.47 
$319.27 
$ 93.95
Hot Water Pre-Heating Solar Collector 
3 collectors at $93.30 each
110-gallon tank (2 -  55-qallon o il drums, brazed) 
Pump (1/6 h.p. Bell & Gossett)
Heat exchange coil house side 
Heat exchange*coil co llector side
1 - 1-inch gate valve
60 feet type "M" 3 /4 - inch copper pipe 
Styrofoam underground pipe insulation  
Fiberglass tank insulation  
Delta T comparator 
3 f lo a t  valves
2 support posts
16 feet Arma-flex pipe insulation  
Lag screws
Antifreeze (6 gallons)
Copper f i t t in g s
Home Space Heating Solar Collector 
Collector Plate
7 - 1 /2 - inch type "M" copper r ise r  pipes 
14 - 3/4 x 3/4 x 1 /2 - inch T jo in ts  
2 - 3/4 x 1/2-inch elbows 
2 - 3/4 x 3 /4 - inch elbows (s tree t)
2 fee t 3/4-inch type "M" pipe
Aluminum plate .025-inch, 32-1/2 x 74-1/2-inch
Wire (a llo y)
Paint (black primer)
Solder (50/50)
Thermon heat transfer putty
Total
$280.14
10.00
103.00
15.00
15.00 
5.46
14.40
27.00 
7.50
53.95
12.00
5.00
9.00 
9.75
17.34
10.00
$594.54
Total
$ 9.50 
4.62 
1.00 
.60 
.97 
11.29 
.23 
2.65 
.95 
11.81
$43.62
© © H a i r
Collector Box
Glass -  1/4-inch tempered thermopane (34 x 76 inches) $18.50
2 x 6 - inch frame 5.84
Plywood rear door (3 /8 - inch) 10.74
1 x 3-inch pine collector support 1.00
Silicone caulk (Dow Corning) 3.68
Fiberglass insulation (w/o backing) 2.70
Primer paint (1 coat) 1.55
P o lys ilica te  paint (2 coats) 2.70
Support poles 1.47
Lag screws (8 screws) 1.08
Screws and nails  .50
Total $49.76
TOTAL COST - PLATE, BOX, SUPPORTS $93.38
TOTAL COST - FOR 30 COLLECTORS $2801.40
Transport
3/4 h.p. Myers hot water pump and f i t t in g s  $150.70
Armaflex pipe insulation ( $ .56 /foot) 84.00
Hose clamps 48.60
Bell & Gossett (A-8 pressure r e l i e f  valve, 30 pound) 11.20
Bell & Gossett (B-3 pressure control valve, 12 pound) 12.67
1-inch check valve 11.20
Antifreeze (25 gallons) 58.75
•1-inch type "M" copper pipe 290.40
6 - 3/4-inch brass gate valves 23.16
150-foot hose (rad ia to r , 7 /8-inch) 75.00
Styrofoam box for transport pipe 71.40
Extrol #30 expansion tank 17.54
2 f lo a t  valves 8.00
#443 a i r  purger unit 6.90
Total $875.61
Storage and Heating
3 - 500-gallon fiberglass tanks and lids $ 800.00
7-inch fiberglass insulation 28.00
Fin-tube heat exchanger pipe 60.00
6 - 1-inch T jo in ts  ($1,100) 6.60
24 - 1 x 1 x 3/4-inch T jo in ts  ($.860) 20.64
12 - 3/4-inch elbows ($.260) 3.12
9 - 1-inch elbows ($.630) 5.67
6 - 1-inch brass gate valves ($5,460) 32.76
1-inch type "M" pipe (60 f e e t ) ($ .66/foot) 39.60
2-inch styrofoam 40.32
14 - 3/4-inch T's ($.400) 5.60
6 - 3/4-inch brass gate valves ($3,860) 23.16
24 - 3/4-inch elbows ($.260) 6.24
Bell and Gossett 1/12 h.p. pump 92.46
Bell and Gossett A-8 pressure r e l ie f  valve (30 pound) 11.20
Bell and Gossett B-8 12-pound pressure control valve 12.67
Extrol expansion tank #15 18.76
3/4-inch pipe type "M" 14.40
60-foot fin -tube 48.00
Total $1240.20
Controls
Delta T comparator $ 53.95
2 relays (10 amp + 25 amp Allen & Bradley) 61.23
1 - 6 station breaker box and breakers + u t i l i t y  box 29.21
1 - 50-foot ro l l  Romex wire (12-2 with ground) 24.89
Honeywell bulb temperature controller (L6008C) 20.50
Honeywell switching relay RA89A 18.71
Honeywell wall thermostat (T 87F 1859773) 9.57
Total $218.06
APPENDIX B
BACK-UP ENERGY SYSTEM
m m
m
i o
I t  is presently economically unfeasible to provide 100 percent of a home's 
energy needs from the sun. E le c tr ic ity  is required by many common house­
hold usages now considered essential ( i . e . ,  e le c tr ic  lig h tin g , radio,
T .V .,  power tools, e tc . ) .  Some a lternative  energy experimentors are 
working with small scale hydro and wind to provide e lec tr ic  needs. But 
these avenues are open only to a few who are lucky enough to l iv e  in 
appropriate locations. Photovoltaic cells  may be economically viable  
within 15 years. But for now back-up or supplementary energy sources 
are necessary for most.
The system described in this guide can provide about 50 percent of a 
home's space and water heating needs. But in December and January very 
l i t t l e  energy can re l ia b ly  be supplied by solar. Several options are 
available to provide the remaining energy needs. These options include 
e le c t r ic i ty ,  o i l ,  natural gas, and wood.
Wood offers  a viable a lte rna tive  for many Western Montana residents.
Since individuals can co llect th e ir  own supply of firewood this option 
offers independence from fuel suppliers. Wood heat requires more 
manual e f fo r t  and may be considered inconvenient by some. However water 
may be c irculated from the solar storage tanks through the firep lace or 
wood stove thereby supplementing the heat collected in the tank from the 
sun. Wood burning can adversely a ffec t the a i r  quality  of an area i f  
use of wood becomes extensive. City and valley locations are the major 
problem areas.
Natural gas only a few years ago was the cheapest and most abundant fuel 
to use in residentia l heating. However, that s i t u a t i o n  i s  changing  
d ra s tic a l ly . The cost of natural gas is escalating at a frightening  
rate and i t  shows no sign of becoming less expensive. I t  must be empha­
sized, however, that gas may s t i l l  be cheaper than e le c t r ic i ty  for the 
next 40 years. As with e le c t r ic i ty ,  gas is supplied to your house 
through pipes owned by an energy company or co-op. This leaves the 
individual gas user at the mercy of the energy supplier. The supplier 
often controls both the supply and d istribution of gas. We believe a gas 
back-up heating system is preferable to e le c t r ic i ty  i f  no other option 
exists.
Fuel o i l  has also greatly  increased in price over the la s t  few years. 
Because the homeowner stores the fuel o i l  there is no minimum monthly 
rate or over-charge when used as a back-up to solar heating. The costs 
of fuel o i l  are also going to increase in the future but fuel o il  should 
remain competitive with other fuels in the next couple of decades.
No matter which back-up energy source is u t i l iz e d  prices w i l l  climb and 
supplying a greater percentage of your energy needs by the home's hot 
water and space heat w i l l  become economically advantageous.
E le c t r ic i ty  is often viewed as the ideal back-up energy source to solar. 
One reason being that the i n i t i a l  cost of an e le c tr ic  heating unit is 
less than e ither an o il  or gas furnace. Also, e le c t r ic i ty  is reauired 
for  ligh ting  and appliance use. But people often overlook the gross 
in eff ic ienc ies  and environmental damage which accompany e le c tr ic  pro­
duction.
When coalvis burned to produce e le c t r ic i ty  2/3 of the energy stored in 
coal is lost to the environment as waste heat. Transmission lines are 
required to transmit the e le c t r ic i ty  and this means another 10% loss.
To top i t  a l l  o f f  the a i r  and water pollution involved with e le c tr ica l  
production can be harmful to the environment.
I t  takes great temperatures to produce e le c t r ic i ty  and yet temperatures 
for home heating range from 70°F to 190°F. This mis-match of energy 
quality  to end use is another argument against the use of e le c t r ic i ty  
for back-up energy. However, in some instances e le c t r ic i ty  may well 
prove the only feasible  option. I f  so, an e le c tr ic  heat pump may 
prove advisable. Any heating system contractor should be able to 
provide information on heat pumps.
E le c t r ic i ty ,  whether fo r  heating or for lighting  is delivered by a 
e le c tr ic a l u t i l i t y .  Rates are set by the u t i l i t y  and regulated by 
the State Public Service Commission. The monopoly of the u t i l i t y  
places the individual consumer in a position of to ta l dependence. 
Presently, c r i t ic a l  decisions are being made by the u t i l i t i e s  and 
P.S.C. with regard to e le c tr ic a l rates fo r  customers who have insta lled  
solar collectors. Solar advocates should le t  state legis lators and 
Public Service Commissioners know th e ir  feelings about several of the 
options.
The u t i l i t i e s  may o ffe r  a set minimum monthly charge which must be 
paid by the customer whether e le c t r ic i ty  is used or not. Or the u t i l i t y  
may charge an increased cost for e le c t r ic i ty  to solar users. The 
u t i l i t i e s  are concerned that the solar home w il l  not use enough elec­
t r i c i t y  to pay for the service hook-up. However, in e ffec t the 
u t i l i t i e s  position w i l l  discourage both solar energy and energy con­
servation. Since any increased demand for e le c t r ic i ty  w i l l  mean an 
increased cost for e le c t r ic i ty  the u t i l i t ie s '  position is self-serving  
and p ro f i t  motivated at the cost of preferrable energy options.
Options are open which w i l l  make a lte rna tive  energy systems compatible 
with e le c tr ic a l production systems. For example, since e le c t r ic i ty  
generated at peak demand periods costs more than e le c t r ic i ty  produced 
at night when demand is reduced solar system owners could be charged a 
reduced price for heating of storage tanks during these off-peak times.
In the next few years, as the use of solar increases and the costs of 
conventional energy sources climb, decisions w i l l  be made which could 
open the future of solar energy. The safest direction for a solar 
energy use is probably to minimize dependence on centralized energy 
supply networks and work for pro-solar rate structures.
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APPENDIX C
ALTERNATIVE SYSTEM DESIGNS
Site considerations dictated the solar collector mounting and array con­
figuration described in Chapters 5 and 7 of th is guide. This design 
w il l  not be appropriate for a l l  applications. Following are several 
a lternative  collector arrangements which may be used with the same 
basic system design.
In considering these other options two important design factors should 
be kept in mind. F irs t ,  adequate a i r  venting of the collector must be 
provided. With the optional arrangements new vent locations w i l l  need 
to be incorporated. In le t  and outle t vents should be placed at the 
lowest and highest points respectively. Second, special e ffo rts  to 
minimize a i r  entrapment within the f lu id  c irculation system may be 
necessary. Since the entrapped a i r  w i l l  migrate to the highest point 
in the system i t  is advisable to eliminate unvented high points.
Alternative 1. This configuration was constructed for the hot water 
heating system at the Sheridan's home. Connecting the three collectors  
created a very heavy unit which required a small crowd to raise. Support 
was provided by 6 - inch posts. A ir vents run continuous through the 
three collectors (see_Figure C - l ) .
A lternative 2 . I f  the height of the co llector array is not a problem 
a collector mount as described in the text may be u t i l iz e d  for a v e r t i ­
cal positioning (see Figure C-3). A stabil izing brace should be added.
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A lte rn a tive 3. 
building.
The collector array may be placed along the wall of a
I t  is advisable to raise the base of the collectors at least
two fee t o f f  the ground to prevent snow build-up against the collector  
face. I f  a number of collectors are to be mounted in this manner care 
should be taken to see that perpendicular walls provide adequate la te ra l  
support for  the loaded wall (see Figure C-4).
A lternative 4 . I f  the roof of a house is properly sloped and oriented 
the collectors can be placed there. The major concern with this option 
is the added weight which can be as much as 8 pounds per square foot. 
Additional roof supports may be required to accomodate this load 
(see Figure C-5). I f  the collectors are constructed integral with 
the roof structure additional insulation fo r  the collectors can be elim­
inated. However, special care to weather seal the altered roof is  
necessary.
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APPENDIX D 
USEFUL CALCULATIONS
1. Building Heat Loss
A building w i l l  lose heat from several basic areas (see Figure D -la ).
To obtain the approximate total heat loss for a particu lar house the 
heat lost from each of these areas must be determined.
The greater the temperature difference between the in te r io r  and exterior  
of a building the greater w ill  be the rate of heat loss. For this  
reason calculations of heat loss are performed for the outside design 
temperature fo r  a given lo c a lity  (Helena -17°F, Kali spell -7°F, Missoula 
-7 °F ). From the design temperature calculations the heat loss estimates 
can be ascertained for any given seasonal period.
The R-value (resistance to heat transfer) and U-factor (coe ff ice in t of 
transmission) are discussed in Chapter 4. These values w i l l  be used 
in calculating building heat loss.
fc .lU F lL lfe & T iO N
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Heat loss through _ [the area of ] 1______
a given material [heat transfer] x R-value
x [the temperature ]
[difference on e ither]  
[side of material ]
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This same formula may be written as follows:
Heat loss = area x U x AT
For example: Assume a 10' x 12' wall with exterior temperature 0°F,
in te r io r  temperature 65°F, the R-value of the wall is 10. What is the 
heat loss throuah the wall?
Area
U
f i g u r e ,  o - l a .  M e a t  l o g s  a r e a s AT
Heat loss 
Heat loss
= 10' x 12' = 120 f e e r
- I - - ’
= 65°F -  Q°F = 65° 0
= (120 f t * )  (.1 BTU/hour f t *  °F) (65°F) 
= 780 BTU/hour
Another example: Compare this to the heat loss from 3' x 3' windows
under the same temperature conditions.
A. Single pane window: U = 1.13
C. FI oo r
B.
w . . . ^  9
Heat loss = (3* x 3 ' )  (1.13 BTU/hr f t *  °F) (65°F) = 661 BTU/hour
Double pane window: U = .58 0
Heat loss = (3 ‘ x 3 ' )  ( .58  BTU/hr f t *  °F) (65°F) = 339 BTU/hour
The following formulas allow the heat loss from each of the areas to be 
calculated.
A .  H.L. = (area*) (U -factor) (AT**) W A L L S )
*  The area does not include windows, doors, or basement 
walls. And each area o f wall which has a d iffe ren t  
R-value must be calculated separately.
* *  The temperature difference is the difference between 
the chosen outside design temperature and the desired 
indoor temperature. We'll useAT to s ignify this value.
Note: R-values or U-factors for d if fe re n t  construction
materials are given in the table of "Design Values of 
Various Building and Insulating Materials," for a ir  
spaces in the Table fo r  "Air Space Resistance," and for  
a i r  films in "Film Coefficients and Resistances."
These tables may be found in Appendix "E."
?>, Roofs/Ceil inns
H.L. = (area) (U -factor) (AT)
I f  the building has an unheated vented a t t ic ,  the U-factor 
used is that of the c e il in g  and the a t t ic  is assumed to be 
the same temperature as the outside a i r .
I f  the unheated a t t ic  is not vented you can add the R-value 
of the roof to that of the ce iling  fo r  calculations. A 
typical R-value fo r  the a t t ic  space and roof is about 2. 
Unvented a tt ic s  often have problems with condensation.
1. Vented Crawl Space: (assume crawl space temperature 
same as outside)
Heat Loss = ( f lo o r  area) (U-factor for f lo or construction) (AT)
2. Slab on Grade
Heat Loss = F* (perimeter of slab) (A.T)
*F = is the modified heat loss facto r. A common value 
would be .25 for 2 inches of insulation, 2 feet  
wide around perimeter of the slab.
0. Windows/Doors
Heat Loss = (Area*) (U-value**) (AT)
*  Area of doors or windows with d if fe re n t U-values must be 
calculated separately.
* *  For windows see the table on "U-values of Windows . . . "  
(Appendix "E"); For doors see the tables on "U-values 
of solid wood doors" (Appendix "E").
Note: This calucation does not account fo r any insulating
shutters or curtains, but could i f  the appropriate U-value 
is substituted.
^..In f i l t r a t io n  Losses
These losses are perhaps the most d i f f i c u l t  to calculate  
accurately, but we can get an idea with this approximate 
method:
Heat Loss from In f i l t r a t io n  =
(Volume of the heated space)(air changes/hr**)(0 .0 1 8 * ) (AT)
*  Factor resulting from the density and specific  heat of a i r .
* *  Here are some rough guidelines:
1 1 / 2 - 2  A.C./hour for a poorly heated house, no care
fo r  weatherizing.
1 - 1 1 / 2  A.C./hour fo r a well b u i l t ,  t ig h t  house.
1/2 -  1 A.C./hour fo r  a very t ig h t ,  caulked and weather-
stripped house where extra e f fo r t  
has been taken.
1 /2 A.C./hour about the best you can do, and probably 
the best you would want to do con­
sidering fresh a i r  requirements.
F, Basement (The typical heat loss formula cannot be used
because the subterranium condition does not behave 
as above surface conditions.)
1. Basement wall heat loss = (4 BTU/ft'Vhour) (Area)
2. Basement floor heat loss = (2 BTU/ft^/hour) (Area)
Total building heat loss per hour is then merely the sum of losses from 
d iffe re n t areas:
H.L. = H.L. +H.L. +H.L. +H.L. +H.L.
to ta l walls roof f lo or windows & doors in f i l t r a t io n
+H.L.
basement
When we know the to ta l heat loss per hour calculated under design temp­
erature conditions we can calculate the heating load for a given period 
of time (month, day, e tc . ) .  Degree day values fo r the various months 
in Western Montana are given in Figure D-lb. A degree day accrues for  
every degree the average outside temperature a given day is below 65°F.
Seasonal Heat Loss = 24 (total design temperature heat loss per hour/AT*) 
(month, year, e tc .)  (Degree Day for a given period)
*AT is the maintained room temperature minus the design temperature
For January in Missoula:
H.L. = 24 (to ta l H.L. per hour 65°-(7°F) (1420 D.D.)
Jan.
This way of calculating heat loss won’ t  make you a qualif ied  mechanical 
engineer but i t  w i l l  give you the a b i l i ty  to analyze basic construction 
alternatives for th e ir  comparative energy e ff ic ien c ies . Also when con­
sidering a solar heating-system you should have a re a l is t ic  idea about 
ju s t how much heat your building w i l l  require.
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2. Pipe and Pump Sizing
In pipe and pump sizing the flow rate and pressure drop (or head loss) 
are the c r i t ic a l  factors. The flow rate is frequently expressed in 
gallons per minute (gpm) and can be used to estimate the f r ic t io n  to 
flow. I f  we know the retarding f r ic t io n  and flow rate of a c ircu lation  
system a proper pump can be selected.
Pressure drop (or head loss) measures the retarding f r ic t io n .  Pressure 
drop is usually expressed in feet of water (feet-F^O). One foot ^ 0  
corresponds to about .4 pounds per square inch pressure. Figure D-2a 
indicates the pressure loss due to f r ic t io n  for various flow rates 
through 1/2-inch, 3/4-inch and 1-inch pipe. These values represent the 
head loss (retarding f r ic t io n )  for 100 feet of pipe.
The pressure loss through bends, tees, and valves are indicated in 
Figure D-2b in terms of equivalent length of s tra ight pipe in diameters.
For example: Determine the tota l pressure drop in a c irculation  
system consisting of 200 fee t 1/2-inch copper pipe, f iv e  90° elbows,
10 tees, and 4 gate valves. The flow rate in the system is 3 gallons 
per minute.
From Figure D-2b the equivalent length of pipe can be determined for  
the f i t t in g s .
SYSTEM COMPONENT EQUIVALENT LENGTH OF PIPE
200 feet 1 /2 - inch pipe 200 feet
5 elbows 0 25 diameters 5 feet
(5x25xl/2-inch t 12 i n / f t )
10 tees 0 100 diameters 42 feet
(10x100x1/2-inch r 12 i n / f t )
4 gate valves @-18 diameters 3 feet
 (4 -1 8 -1 /2 - inch * 12 i n / f t )  _________
TOTAL EQUIVALENT LENGTH OF PIPE 250 feet
Figure D-2a indicates that 1/2-inch pipe carrying 3 gallons per minute 
loses 13.1 feet - H2O per 100 feet of pipe.
Pressure loss = (250 f e e t ) (13.1 f t  H2O t 100 fe e t)  = 33 f t  H2O
I f  the c ircu lation  system experiences a net change in elevation an 
additional foot of head loss accrues for each additional foot of 
elevation. I f  the elevation gain were 15 vertica l feet the to ta l head 
loss would be 48 fee t - h^O.
When the head loss for a c ircu lation  system has been determined for a 
desired flow rate a pump can be selected. Any given size and make of 
pump has a d is t in c t  re la tion to both the flow rate and pressure drop. 
Manufacturers provide performance curves which indicate that re la t io n ­
ship for each pump. As the required head increases the flow rate  
decreases.
Pumps can be purchased which e ither run at a constant speed or which 
vary in speed according to temperature conditions. The variable speed 
pumps are more costly but save energy in operation. Electronic speed 
controllers are available for constant speed pumps. By in s ta ll in g  a 
valve to retard flow on a constant speed system the flow rate may be 
decreased but this w i l l  mean an increased total head loss. This option 
is shown in the handbook but costs energy and the pump must be able to 
handle the altered flow rate and head loss conditions.
Pumps in solar heating systems are usually small. Water flow rates 
usually range from two to f ive  gallons per minute. You should make 
sure the pump purchased is compatible with the temperatures and f lu id  
additives you are going to u t i l i z e .  Solar system pump motors require 
very l i t t l e  power. The horsepower required may be obtained by m u lt i­
plying the flow rate-by the ft-h^O and dividing by 3960. The horse­
power should then be doubled as a safety factor.
The factor 3960 may be derived froma set of conversions giving a resu lt  
in horsepower. Following is the basic formula with conversion factors:
h.p. - gal/min x ft-H^O x 1/62.2 lb s /f t^  x h .p ./5 5 0 ft  lbs/sec x
8.31 lb /gal x 16 /in 2/2.307 f t -H ,0  x i^ J J l  x 1 min
 ̂ f t /  60 sec
3. Riser Spacing
An important factor in collector design is the spacing of r is e r  pipes on 
the absorber plate. How well heat is transferred through the sheet de­
pends on the m ateria l, thickness, and spacing between risers . The great­
er the thickness and conductance of the sheet the better the heat trans­
fe r  w i11 be.
The temperature difference between the centerline of the space and the 
pipe indicates the a b i l i t y  of a p la te /r is e r  design to transfer heat. The 
following formula can provide this temperature d if fe re n t ia l  (AT) for a 
given design with a certain sheet m ateria l, sheet thickness, pipe 
spacing, and solar in tensity .
(solar in tensity)  
x (thermal conductivity)
(spacing ),
AT =
(of plate material )
(thickness ) 
(of plate )
( between pipes)1 
x ( 2 )
This formula is applicable using metric units as follows
oq _ (cal/cm sec) (cm)'
2 x (cal-cm/cm sec °C) (cm) ( 2 )
Here are corresponding conversion factors:
From 
BTU/ft2hr 
BTU-in/hr f t 2 °F
cm
°F
1°
p
cal/cnrsec
2
cal-cm/ sec cm °C
feet
°C
°F
Multiply by 
.000075 
.00034 
.003
9/5C + 32°
(°F - 32°) 5/9
With this forumula a solar collector designer can compare the temperature 
d if fe re n t ia ls  of various spacing, sheet m ateria l, and sheet thickness 
combinations. Clearly the cost of the d iffe ren t a lternative  designs 
would need to be considered along with the T performance.
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4. Heat Storage Capacity
D ifferent materials are able to store d if fe ren t amounts of heat over 
the same increase in temperature. For example, ten pounds of water w i l l  
absorb 100 BTU during a 10°F rise in temperature. Ten pounds of con­
crete w i l l  absorb only 22 BTU during a 10°F temperature increase. The 
a b i l i ty  to store heat is given e ither by the specific heat or heat 
capacity.
The specific  heat is the number of BTU's absorbed by a pound of that 
material as its  temperature increases 1°F. Since the true specific  
heat of a material varies with the temperature the following table  
provides room temperature values.
The heat capacity is the number of BTU's absorbed by one cubic foot 
of that material during a 1°F temperature increase. The heat capacity 
is the product of the density of the material ( l b / f t  ) times i ts  
specific heat. Figure D-4 l is ts  the specific heats, densities, and 
heat capacities over several common materials.
5. Thermal Expansion
D iffe re n tia l thermal expansion is an important consideration in collector  
and system design. Each day the collector and portions of the system 
rise from night temperature to mid-day operating temperature. These 
temperature changes lead to dimensional changes that must be considered 
in the design.
The linear expansion of a solid is given by the following formula:
Linear expansion - K x length xAT
The symbol K is the coeffic ien t of thermal expansion. Common values for  
the coeff ic ien t of thermal expansion are given in Figure D-5 for common 
operating temperatures.
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APPENDIX F 
CONVERSION FACTORS
This table shows how to convert from one set of units to another, 
Included are units which are commonly used in designing a solar 
heating system.
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Cu. Feet ( f t^ )
Feet of HoO (39.2°F)  
Gallons (u .S . ,L iq . )
n i i
Gallons o f water a t 60°F 
Horsepower
In. o f Mercury (32°F) 
Kilowatts
n n
Kilowatt-hours 
Langleys (cal/cm2 ) 
Meters
i i  i i
Pounds of Water
ii ii
Pounds/Sq. Inch 
Tons, long 
Tons, metric 
Tons, short 
Watts
II II
Watts/Sq. Cm.
128
0.
7. 
28.
0.
0.
3.
8. 
33. 
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2 .
1.
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3414.
1.
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3.
3.
39.
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3.
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31685
433515
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42 
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014 
4912
43
34102 
43 
69 
2808 
37 
01602 
1198 
6807 
40 
6
4144
001341
Cu. Feet 
Cu. Meters 
Gallons (U .S ., L iq) 
Liters
Pounds/sq inch 
Cu. Feet 
Liters  
Pounds
Foot-pounds/minute
BTU/Min.
BTU/Hr
Metric Horsepower 
Pounds/sq. inch 
BTU/Hr 
Horsepower 
BTU
BTU/sq. f t .
Feet
Inches
Cu. Feet of Water
Gallons (U .S ., Liq)
In. o f water 39.2°F)
Pounds
Pounds
Pounds
BTU/Hr
Horsepower
BTU/sq. fo o t/h r .
APPENDIX G 
REFERENCE
The following publications can provide additional information for the 
solar heating system builder. Those listed were chosen to complement 
the Guide to Solar Heating in Western Montana.
Section I .  Home Energy Conservation
Kilowatt Counter: A Consumers Guide of Energy Concepts, Quantities, 
and Uses. Gil Friend and David Morris. A lternative Sources of 
Energy Magazine, Milaca, MN.
"Easy to read introduction to energy consumption patterns 
and energy princip les ."
v  -
Low Cost Energy E f f ic ie n t  S he lte r . Eugene Eccli. Rodale Press,
Emmaus, PA.
"Excellent home d o -it -yo u rse lf  energy conservation measures 
easy to read and comprehensive."
Homeowner's Guide to Saving Energy. B i l ly  L. Price and James T. Price. 
Tab Books, Blue Ridge Summit, PA. 1976.
"Another excellent in-depth explanation of energy saving measures, 
excellent photographs, covers typical conventional heating systems'.'
200 Ways to Save Energy in the Home. George Roscoe. Acropolis Books, 
Ltd. Wash., D.C. 1978.
"Well i l lu s tra te d  easy to understand specific  energy conservation 
actions a homeowner can take himself."
The Woodburners Encyclopedia. Jay Shelton and Andrew Shapiro. Vermont 
Crossroads Press, W aits fie ld , VT. 1976.
"Covers wood as a fuel to the various wood stove designs. Also 
discusses energy/heat transfer."
Section I I .  Solar System Design
Other Homes and Garbage. Jim Leckie and Gil Masters. Sierra Club Books, 
San Francisco, CA. 1975.
"Excellent discussion of solar design principles. Highly 
recommended, also covers other a lte rnative  energy technologies."
The Solar Home Book. Bruce Anderson. Cheshire Books, H a rr is v i l le ,  NH. 
1976.
"Perhaps the most comprehensive treatment of solar design 
princip les, applications, and passive design examples."
Designing and Building a Solar House. Watson.
"Another excellent treatment of energy e f f ic ie n t  building 
design, solar systems application, and review of solar 
houses."
Homeowner's Guide to Solar Heating and Cooling. William M. Foster.
Tab Books, Blue Ridge Summit, PA. 1976.
"Comprehensive review of various solar heating system designs, 
excellent tips but very general, good in troduction ."
How to Buy Solar Heating. Mai com Wells and Irwin Spetgang.
Rodale Press, Emmaus, PA. 1973.
"Well written discussion of solar applications, what to look 
out fo r ,  useful although perhaps not positive enough."
Sun Earth: How to Use the Solar and Climatic Energies. Richard 
Crowther. Crowther/Solar Group, Denver, CO. 1977.
"Beautifully done general discussion of a lte rna tive  energies. 
Great idea book, doesn't include any specific application  
information. Good treatment of passive solar building design,"
"Alternative Sources of Energy Magazine," published in Milaca, MN, Rt. 
Box 90A, 56353.
"This magazine consistently emphasizes do -it-yo urse lf  projects 
and analysis of home a lternative  energy systems."
Applied Solar Energy. Aden and Marjorie Meinel. Addison-Wesley 
Publishing Company, Readings, MA. 1976.
"Technical treatment of solar physics and optics."
Section I I I .  Equipment and Material Suppliers
Heliotrope General 
3733 Kenora Drive 
Spring Valley, CA 92077
A to Z Solar Products 
200 East 26th Street 
Minneapolis, MN 55404
Sunset Solar Collectors 
Richard D ill
S.E. Stevensville, MT 59870
V
